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l>KKFA(n'; TO YOU? MIC III. 

Thk upprooiative reception of the tnirlinr editionB of thiB work, and 
the demand for information on BubjeclK which were neoe«8arily 
omittiid from the original BingUi“Voliini(‘ treatment have lc?(I to continual 
(nilargiMiH'.nt of the hook in succensive editioiiB, In thm, thts third 
(and linal) volunui of the fourth edition, almost the whole of the 
material now apjxuu'H for the first time, and the remainder has been 
thoroughly reviHCHl and largely ro-writteri. 

In thiH volumes, Part VI of the complete work deals exhatistively 
with (decstrio motors and iheir control, and with the many appli- 
<5ationH of (dt»ctricid <3nergy in industrial operations and proceBses, 
in traction, in marine propulsion, and in agriculture. Part YII deals 
with the important subjects of speoihoations, depreciation, testing and 
law, the treatment given lading Buppli^mentary to the )*est of the book 
and such an may h(‘.st nnu't th(‘. neculs of its readers, 

idotoi’H, iuoUh* control and clccstric driving arc*, treated very fully 
from tlu^ practical Htandpoints of ju’inciph*. of opciration, available 
characteristicjw, and Huitahle a])plicatinnH. d’lu* sjaici*. given to these 
subjects has lujtsa inorc^ased about eight-fold cjornparid with the 
precinling tuiition. Tlu3 clmptcu’s on hoisting, agriculture, ship pm- 
ptilsion, and cdunnical and nudallurgical proctwHt'H arc? entirely new. 
In the Jiggrc^gatc^ theme inchmtHc^H may wcdl becomts more important 
than t.h(3 oldcsr a])plicationH of cdcuitriciiy ; already, they fully justify 
the space*, allotical to the nr conHidcuation. Idic chapUirs on traction 
and road vc*hicUw have bcum thoroughly rcvistal and greatly extended, 
with particndai' ndV-rcauH^ to %\m great advances in the electrification 
of main and suburban railways during recent yearB. The authors are 
indebted to Mr. Arthur Arnold, A.M.l.Mech. 111., for re-writing Chapter 
40 (Testing), and to Mr. (Ihas. Ik (llapharn, 3kSe., A.M.I.Mech.^.,- for 
pn ‘.paring a largo part of Chapter (Hoisting, Conveying, etdj) from 
the inatiudal oolhsckuh 

Although the Kcope of the work has been widened so greatly^, .iiijl 
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I he elaborated, a fitudied (*fTort has hmm made |4» «leii| with 

evt»ry matter in an nlnnujutary nuumiir pnx^eetling n* imirf 

advanced ooiwideratioim. Thus, it is hoped, the work will iiciiiimtu* 
to be of value both to HkulentH anti to e.ouHuItantH who amy Imvi* te 
ileal with hranoheH of practim* with which they are not ftilly wm 
vemant. It is no dinrespect to uur |)'re)ft»sHioii to way that thin 
latter evtmt may, and often doen. ha}>pen to very ennnent onginciiirH. 
Thtnigh this book naturtdly appeals primarily to readers in the 
electrical field, the authors hapjum to know tliat tin* vtduim^s alreiwly 
publisluHl have hium found invaluable hy lum eh-efrieal 
iiudiniing gas Hpi^oialists. 

in this, as in tht^ ]>re.ciHling voUmum, im>st of tln^ intorinati<m is 
baHcd directly upon notes whicli tlus authors have had to colkict far 
their own use*,, and tlu% dilficulty th<»y hiw© often cutpemnwicl in 
obtaining the danired data and itxpIanationH may |K*rha|m form a 
measure of the utility of the material now pn'Hented in collected 
fonm American as well an European practice ban been drawn uptm 
freely. KxamplcH have again been fmdy introdinuHi, and the nunihm 
of illurttrations has been greatly increasetl. As refertnicim are made 
in places to i\m Ji/lh (Hlition, it shmild hi* i*xplained that thm edition 
of Vols. I and ,JI is already in ])r<‘para{ and that ex i^uing paragraph 
numbers will hi) retained tluu’ein, suppleinnitars parugniphn (e.g. 
206a) being a<ided wIku’c nec(‘ssary. In thin conclnding vulunic, 
the index emhraocH all the three volumes, entriei rolatinig to Voli. 1 
and 1 1 being set up in different type \ ind the limiting i>aragr»\p!vH of 
each volume are printed at the head of each jmgc of thin ooinpri'- 
hennive index. The na me system will he adoptetliu the fifth l•lUtit)ll 
of the earlier volumes. Both the index uumhers and thi^ umuiTouH 
cross- rafereuces indicate -paruf/rap/es (as shown at thf» top of the page) 
and NOT FAGKB. 

J. W. MHARHS. 
li U. NEAL®. 

Ith April 
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wprititittg' thi« tliom* ;|K»rtiouH wluvh ar«< not in luiy wny appHcaUln to 

th« prom^Ht wUtlon Imvt* 1>u«ii <>niitt«(iO 

ClitKATiA" <lariiip;, an endeavour has been made feo fill the gap between 
ih(‘ many cxtudiout pooket-hooks of bare data and thcs highly technical 
wtn-ks written for Hpecialinte in vari one branches of electrical engineer- 
ing. It i» believiKl that the book will appeal to civil, mechanical, and 
cicatrical imgineorB alike; and though the whole field covered cannot 
1)0 dealt with tsxhauHtively in a single volume, the treatment presented 
Bhmild give the information and guidance mooting the needs of a very 
wido (?ir<'h^ of readorH. 

Home of the matter presented is quite elementary and, from 
cKperianca with the previous editions, by no means unnecessary or 
unapprociatfHl. Mven tluj hydraulic analogy has not been allowed to 
rent in thn placid to which it has bo often been consigned. One point, 
in partiiuilar, whicdi it h«d])H to bring home to the first-year student is 
that we UHt^ an one of our chief ulectrioal units a the ampere, 
instead of the cornjHpoiuUng qHa‘iU'Ui/,th(h coulomb. The irrigation 
esnginear in India has coined the word * cusec ’ (1 cubic foot per 
Hecond) to express a unit rate of flow of water, which is exactly 
aiiiilogouB to the ampere. Coulombs are seldom mentioned in practical 
electrical engincHiring, and the average engineer undoubtedly regards 
the coulomb in a roundabout way as an ampere-second — a multiple of 
a mtcdjy a tinu^ -instead of as a dehnito quantity in itself. Even where 
am|)(‘.r<*-h<jm’H are incnitioned the electrical engineer often forgets that 
this larg(‘r unit of quantity would be one of the primary units in other 
hranohes of engituuiriug, equivalent (say) to a gallon of water. Oon- 
iseption® such m a yard or a gallon offer no difficulty to any intelligent 
being, but every one nniwt have met with persons completely lacking in 
tint geometrical sense, to whom an angle meant absolutely nothing. 
Furfchm’ up the scale difficulty is experienced in explaining such com- 
pound terms as * pouiuls-feet ' or * feet per second per second,' and 
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\vh(*n Wi» arrivi* at the niaxumtni daiiiiinii tiC far 

man frankly' j^ivr^ ii|t an-mj't in;: i^ranp 
itH Hi^nilicancn, If^ihini, thtM-xpliiiiMtion An this lHu»k H|i|H*iy iit 
fccK) nhminntary, it in a IapH<* in thn ri^ht iiiirftiiin, 

It haH hinni t!i(‘ author^ aim t<» hf si'\f'rnl\ pracikml : liiincMt man} 
tnrniH uHnti in lit muttirn timi nn plan* iti thtH v«»himi% ifiilini 

bcatauHt? tlin rtMulni* will not iimsi thian in hin daily work ar, in »o far 
an thny dnal with ihn (‘h^intnitn of t*h*ctmifcy and magnnitHnn hncatia© 
thny arn aHsuinntl to lin alrniuiy knmvn tn him. Whom a t<'rm Ih 
tiHtul \vhi(;h han not so far ht‘nn dnfnuHi, thn cKplanatinn will hr thuiHi 
on a lahn* pa|4(\ anti, in ihn aljHtnict^ of a fnrwarti rrtnmnnr, tlir jmh‘\ 
will gnitla tht^ rtnuhn*. Whma^ th*tniitionH nf Itanm arn Kivnn. {ia\\ ar«* 
complnfctMiml ftir th<* inoHt part tuaa'pual inti'riiatiotiallj ; hut it 
not follow that the) art* Hclf-t^xplanatory in tn'ory aawtn 

Ih'actioal fxamph'H hnvt* htam untnl frta‘ly for ihttf intrptiHt* of iilna- 
tration, no amount of nmn^ dtmoription htnng ho tdloolivo in (‘xplaining 
nili^w and formnlnn For tin* naim^ rcaHon, dinp:rains of ntriotly utili- 
tarian naUtn^ liavi^ laam iw(*d to ahow plainly tin* <u)nno<!tionH and 
HO forth thmcrihtul in tho U^xt. Tht« oxamploH olurntm all mako uho 
of Britinh Htanclard ft‘i'(|U(‘nci<*s, preHHur<*H, olc.. ami nunn*rk5al ri*H«ltw 
arc thoHtiohtaituul Ijy UHing th<^ slitk* rult» and omittini^ tnmrri'HHary 
iiguroH, It Ih Htill ofitm ovt*rlooktHl that tin* Htumrury id an\ rnnult i?H 
liinitod by tlmt of tho m oaHuronuotitH and data which yii*ld it ; and that, 
wharoaB half a doiten significant flgumt may bo iMcunatc and ummmity 
in Hciontillc work, im accuracy to wlthiii won I per oOht, Is only 
accidental whore eommeroial calculations or tnonBunnnciitft with oom 
rnoroial instrunieiits are concernod. 

Fains have betm takoti to inakui tln^ indnx as oomplrtt* an puHsihln, 
and it should bo noted tluvt cross n*ftn*otua*s anti imlnx roftn*niitJi‘H are 
to PABAGRAFTIB, and that y;o;vn/rn/;// funtihen are nhi^iVH ai the Immi 
ofjjacjm and pagt*. numbers at tla^ foot, 

4. W, MKARE8. 


London, 1010. 
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KLKCrrKIC M(yr()RS. 

669 * General Principles of Electric Motors.— An electric 
in a luaclniH’! for c<>iivertiiif>; electrical power into mechanical 
)Hjwer, ij'.. the. rtwerHO of a ijenerator (§ 1 S 2 , Vol. ]). When 
supplied with (electrical whether (lireefc current or aing'le- 

phaH(\ 2 -]> 1 uih(s or 3-phaBo alternating current, it will deliver 
m(H’hani(NU ])ow(^r at the pulley or shaft. The two main groups 
are DAh motors and A.C. motors, according to the nature of the 
electrical energy used, and in each of these main groups there is 
a number of differetit typi^s of motors with widely varying char- 
a<!ti'risti(%s. By sidt^cd-ing a suitable typo of motor and a suitable 
iiuitliod of c.ontrol, it is jmssiblo to obtain almost any desired 
relation betwtHui spcMnl and torqxie, those being the two factors 
determinmg the mechanical output of the motor (Horse-power 
27r K Torque (ft.4b.) x E.P.M. / 33 000). The principles of 
operation anci the electromechanical characteristics of motors are 
considered in this chapter ; the starting and control of motors in 
Chapter 29 ; and the selection and application of motors to electric 
driving in Chapter 30. 

^ As explained in § 132 (7ol. 1 ), when a conductor lying in 
a magnetic held is traversed by ah electric current, the conductor 
is sul^ected to a mechanical force which tende to move it across 
the field.* In Ihe usual form of direct current motor the main 


* The relation between the directions of field, armature current, and motion in 

e 'ior may be determined by I’lemifig’s mle (§ 85, Yol 1) : Extend the forefinger 
ihumb o.f t^e Ufi band at right angles to each other, and bend the nnd'dle 
at right angles to the plane containing the forefinger and thumb. Thep, if 

voii. ni. 1 ■ 1 




EUKVTIUVM. ENCiINKKRINc; PHAITH'H 

fit*14 (an tllHtiuet IVoiu tin* dtK* t»» th«‘ in t!i»» ariujitura 

wiultu'iur, Fi|^, 245) in pr(!vi<I<*«l liy a atatifumry mF 

^vitli 2^ 4, (), pnlrn. tln” i'jihi* luiiy tiinifip whifh 

ilwn^ in a rylindrtenl anuainrt' <‘an‘yin*j^ iiiMulntrd wiri’H nu tt.s 
|><nn|»lH*ry. Wluai nUairir <nirn*ti< is s*nt 

ilu' forcn all (‘aeh condtitdnr ftnain ndat*Mt <and Ihv 

aniiniuia^ n)ra and nhaft. in whirh it ih attarhinl) als«nit tln^ riadri* 
linn nf thn inanlunn. A ronaiiniattir (§ 1H2, Vnl. 1) jatrim!ifii!ly 
rnvnrHn.M iht^ dinM’t.uai <d‘ lluw of tlm inirfoiit in tlio jirnifitaro 
ntaidnciorH at ihn niomnniH rtH|niml tu liniinfiitn nMulhinoiiH 
rotation of thn; arniainro, 

HniVrriu|( to Ki^. 245 winch hIhwh, for aiiii|ilscity, n hi|tn!ar 
ma^nu't (tinld coiln omittnd) and a armatnra coil, llicmtlditiiin 

(jf ilu^ main (inld and eondurtor linld at ce, iititl their rwutttal 
lunitraliHation at 5, rcHiiltH in the annatun^ hnni* driwfi tiy the 
fornoH F III tho diroetion of roiatiun indirah^t! hy tin* arnnv M. 
Fro!n th(’i nx])lanation given in | Id2, Vol. I, it will In* undf‘r.Htoo«! 
that tl)o rotation of the conductor in the field due to n*wilfM 
in the gon(n*ation of an K.M.K, in tlu^ conductor wliidi in tennned 
a Imckd^.M, F. (Aft) bc.cauHo it o|>]>om^H the applied K.M.F, 'Fhe 
nffoctivc E*M.1A in the cou<ht<4or Ih the dillermeo lH'tw»*en the 
applied and back F - AV voltn, and thin dividinl hy 

tins roHiHtanco li olnuHof the armature coil giviw i\w value / ainpertm 
of the current flowing through the latter, / *• (A* - AV) / li, 

Wlum the annaturo ih ntationary the l«ick-E*M,F, in 
lionco the ctUTont flowing through tlie anuaturcs coil in A’ J H at 
thiB moment. The reBiatance It in very low (cjfton a fraefion <if 
an ohm), ho that it ih twually utjceasary to (umniH’t an t^xhirnal 
remHtance in nerieH with the armature during the ntarting |»ricKh 
in order that the current may bo kept to a reaHtniahle value 
(Chapter 29). Directly the armature hegiuH to rotate, a back- 
E.MJ\ is generated in its winding and, aa loiig a« the fiidi! ih 
constant, thin back-E.MJf. increaseM in <lireet proportion to i!ni 
speed. The starting rasmtauce in removed pr()gro.HHiv<*Iy m fclie 
machine accelerateH and, at or near full speed, the Hnnaturti ^ 


the forefinger be set along the direction of the magnetic fie 1th and fche middle 
finger along the direction of the armature current, tim' thumb Indleatei tht' 
direotion of motion: 'whence the mnemonic; FOKafingcr, FOEce ; middle finger, 
current (I) ; th-uMb, Motion. 
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§ ^^9 

iilthuately coime€to.<l across the supply mains. The 

motor then nins at sucli speed that the diMerenco between the 
applied B.M. F. and tlio back-E.M.F, is Jnst erioiigh to send 
throui^h. tlu^ armature the current r€(piire<l to keep the motor 
runnin^i^ at this H])eo(h 

T\u) t<)r<iue dov(^l()p<Ml by tlio motor is proportional to the 
pro<luct of tlu^ field stron^^fch by tlie armature current. In 



Fig. 246. — Diagrammatic reprosontation of the action of an electric motor; asanm- 
ing tho armature 'core to bo non-magaetic- 
(Notw : X indicates current flowing away from, and • towards the observer.) 

the shunt-wound D.C. motor (§ 675) the coils exciting the 
field magnets are shunted across the supply mains so that, apart 
from changes introduced deliberately (e,gf. by the insertion or re- 
moval of resistance) or by certain subsidiary causes discussed later, 
the strength of the field remains constant, whatever the value of 
the armature current. In the series-wound D.C. motor (§ 676), 
however, the field coils are in series with the armature winding so 
that, until magnetic saturation of the field core is approached 

8 



§ KLHC^riilC^AL KNCilNKHlUNCJ 

(I Hi, Val. 1), t.ha Htnni|i^th of tlio ti»'ld jiru|»i»rti«»iuitt‘ly with 

t.liB arnmttu*(*( curimt. r«»mill in tin* Hlniitf 

Hf?riaH nintnfH luivin|^ vnry <IiHnr<*nt <»lmrnrff‘riMHrf4, whirl* itr«» <|i,H 
eiiHHrd tnnrr fully tii j5§ K<»r th«* prrHrnt, fir* rhuriirti*!*- 

isiicM of oarli may hn numiunriHr*! hm IuIIowm : 

(1) Th<'> nlmut tnntnr hm a riaiMhud an»l rmm at nmiiiy 
(tcjUHtaui Hpand whatovur ihr load. Ah ilia luiut iiirmiwH, ftnaiuah 
iiig a iM^aviar tonjur, thr- unuaittrr tnirrcnfi naiHi inc'mwr {irii|»nr- 
tibtuitrly to iha tnn|ur (iht* lioM hriu^ cMimtani’). ThiH, }M»win*rr, 

(inly thn Hiuall (iorroaHo in Hjirnl nr<*«irt! to rniurr thr 
hai‘k“-E.M .K. far <amu|jfh tn permit (K - Eh) h» Hrud thr tu; 4 lirr 
cnirruut through armaturr rrmaiHUrr. 

For oxamplu, that a W) 11,1’. Hhiiut womia iimilmi, 

takoH hO A at ftCK) V arid num at 400 r.p.to, HapfHwr that tho i\M nirimait l« 3'ft A, 
thrn tho annaiiiro c.um'nt Ik (Of) - 2*0) - 07*5 A. If thn c*f th# 

armature Ih 0*2 a, tlwn, Khu-r T i (K • / /h W(» havrtj A7’5 (ftOO /0*2, 

whotieo Kfj « 4HR'5 Y. If aaw tlio l<»ac1 m\ thv juotor !« InrrrawKl t<» »tioh »i» 
rxfcaiit that th« current Hhoh to 85 A, the amiattim mirnint / • H5 2*5 - H*i"5 A 
(the field ourrcnifc remaining conHtant). Heiire 82*5 (MK) »• ^*#'^1/0*2 whi'ii*'«i 
M'h ** 488*5 V, In othc^r wmln, tho haw tmly U» diK^rtwiiNe hy 

488*5 - 4HH*5 *« 5 V in onler in allow the heavier ourrent Jo flow tlmnigh the 
armatim*, and Hlnerj A?j(,&v4B8*5 V waH gononittinl at 400 r,|i.nn the low«r 
488*5 V) will ha g(Uiarat(Kl at 4HH-5 x 4rHJ/4BH*5 nr Otlll r.|un., the field 
boing cjoufibani 'I’huH, increaKlngtlw Icmd on the motor hy about 42 "/** only 

in 4 r.p.m, (or 1 ®/J dooreasa in Th® l>alng coMlimfe, th« k»tqxm varloK 

directly with the armature ourrent. 

(2) The MoriaH motor han a field which increawH with tin* armn 
ture current and therefore with tho load. Neglecting' magimtir 
Haturation, doubling the armature eurreni rcwultn in four tim«w the 
torque (for the field ntrength in alBo <lotihhi<i). In nrdtn* that the 
armature current may riHe, the hack-E.M.F. inuHt fall, and, airier 
the fi,eld baa bean doubled, the Hpeed inuHt fall to Ichh than half itn 
original value. Tlie npeefl of the Herien motor tinw falla quickly 
with increasing load and, converHoly, at light load the iiincIniH* 

^ races ’ at dangerously high speed, for, the armature current being 
low, the field is also weak and a very lugh Hpised ih imedetl 
generate the high back-E.M.F. needed to keep tiu! 

current low. 

Fot example, suppose that a 50 H.F. saries-wound motor, |iartially lo«4«dt, taken 
60 A at 500 V and runs at 400 r.p.m. Suppose, also, that fchi! total iflftrtlft rtifnt 
anoe of the armature and field windings is 0*55 a, then, slnci I #• (f / B, w» 
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Imv6 : 60 (500 A'/,) / 0-f>5, wh<<iu!a,A’^ »• 467 V. If now the load bo iiaureased 

HO thab tho luoior takoK H5 A aii 500 V, wo havo; H6 (500 - io"^)/0*55, whence 
JbJ'^ SB 468 V. No{{l(H*,iiug the cITocb of uxagnetks Baturatiou (whicli, in practice, 
causes the iudd Btiroiigth to incmaHo loss rapidly than the exciting current, 81, 
Vol. 1), the field in 85 / (JO timoH as stmiig as it was originally, hence == 

00 458 

generabocl at a spoed -- 400 ^ gg ^ ~ r.p.in. (In practice, a higher speed 

would 1)(5 r(icpurcd, owing to the above-mentioned effect of magnetic saturation.) 
^’’liuH, in thin uxaniple, incroasing the load by about 42 % results in 120 r.p.m. (or 
about 81 ‘5 7o) dec^raaso in speed. Also, since the field increases with the armature 
curronfc, the toj^uo varies with tlie square of the latter (noglocting saturation). 

The preceding oxampleH show clearly the iiilioreiit distmcticinB 
between tlia eharaeieriHticH ol.' aliunt and HeriaH-wouiid D.C. motors 
(see also §§ (>75, 670), (lintinetionH which are bo deiinito and im- 
portant that it in nmial to nay that an A.C. comnmtator motor 
liaH ‘ .shunt cl laract eristics ' or ‘ aeries characteristics,’ according as 
its load-spoed cnrv'fi rcsoinbles that of a shunt-wound or series- 
wound D.C. motor. Intermediate between shunt and series 
charactoristi(‘.H there are 'compound characteristics’ resembling 
tliosii of a D.C. motor which has both shunt and series field coils; 
the reasons Tor and effects of compound excitation are explained 
later (§ 677). 

As reversing the polarity of supply to a D.C motor, by inter- 
(diariging tlu) supply bads, does not reverse the direction of rotation 
(the (lirtiction of the field and the direction of the armature current 
being both reversed, so that the torque remains as before), there is, 
in principlii, no reason why a D.C motor should not be operated 
on A.O. supply. Certain small luotors, appropriately known as 
'universar motors (§ 710), are actually supplied for use on D.C. or 
A.C. supply of any commercial frequency; and tramcar motors are 
HemetiinoB dcKsigned to work on either D.C. or A.C. supply, the 
former lieing used in urban and the latter in interurban districts. 
With tlicHo exceptions, however, shunt- and series-wound motors 
must be built specially for A.C. operation to allow for the different 
characteristics of the iron-cored virindings when carrying A.C., and 
to take account of transformer action. Apart from A.C. com- 
mutator motors, which may be regarded as D.C. motors modified to 
suit A.C. working, there are motors which are specifically A.C. 
types and cannot be operated on D.C. supply; e.g. the synchronous 
motor (§ 679) in which a rotating field produced by a stationary 
polyphase winding ‘ Jocks ’ with and pulls round an electromagnet 

5 
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hydinTt fum»ul . ajui flu* in»luiiiMi} jimlMr ^ iisl in whirh 
iln* <{ri\iii|4 turqui* Is |m ih«* latl'Mi in;,: »**' *4' nii 

A.Cf. KtiUtir \viiifliii;LC nit*l fh»* rurnaits nlurh lirM inflin***H in 

tin* rnitif. 

By niip nr ntlnT «4* tin* many nf A*<*, innturH 

ktnr in tliin (4ia|4tn‘ it tn iliijiliratii %’nry rliHnly 

tiiH rharactinaHticM of IU\ inutnrH, hnt ilii» liiltnr ar*» KnlinriiUy 
Himplnr hu< 1 chnupnr wln^m cuntintnam iH r0i|iiirf*d 

uvor a wiilr nuii^n. 1*hr A.(\ iiMiutiinn lUMttn* i-* alrnaily tin* iiinwl 
iJnniHHiuly <Mnj>l<#yi'<l ut'nll i*h*rfrit’ anti, \^ifh th*' iiirrMiiHiti|jr 

nnn nf A.r. in itnt%vnrkH ^ ‘JH. \ ‘J . th,. pra 

ilniuinaiu'n nf A J \ inntmn in cmiiiin ti» turnniHr. Nn\ fM’lfMH, 
I),( juoii>rH itfr lint Hknly nvnr In iHM'Ulirnly HUjKn'.Hm ktl ; uianv* 
iniitiHtrinl cniiHUiiKn'H njjnmtn jirivatn f*MU\ jikiti in i»r4nr tij 
})t* iihln in nnn J).(k mntnrM wlu»ri* tin* f*l»iriirti*rtHtk?« iif tin* luttnr 
urn H|H‘tnally danimhU*. 

670. British Standard Types and Ratings for Electric 
Motors. ‘ty|Kw* h»n^ ctaiHidarnd urn tmi tli«f dwlinftivi* 
kiink of inntnrH, I>,< I mirinH-wnmnl, lli \ Hlmnt-wooml, A.r. 
Hyiudironous, li,i I iudnciinn, etc., lait the heiniin^m under wliieli 
inotnCH arc (daHmluHlby Britinh Ht^andaril iSjHTiliciitinnH f ncforditig 
to(l)tludr horHo-pnvverpcr r.p.nu (nr pur I (KMI r.p.nu); {yi)t!ie tyfie 
of thoir ontdoHiirn; (S) the raliitioii tBtwetin tludr k«nl and 
and (4) whether the rating J permits a overkmil or h a 

eoiitinuotiH maximum rating, or a short-time rating, 

(1) HOHHB-POWEIl l>ER R.P.M. (oll UER I (KK) dldH is 

obviouHly a claRHilicatiou t>n thu haniH (d‘ torque, for 

11. P. .^ 27 rK Torque (ft.-ik.) k r.p.m. / dd (KH) 


^ Tho reader ih ankud to iiok) tl>at thin pamgmph repIiu^oM I IHU, VoL I (4tlt 
edition), iu 80 far an tbo mtingn of friuaiotial IPP, niotow. Industrial iiiwtow and 
geimratom, and lai^o gtnioraiorH aiul inoU^m art* fdiK’oriwKl. 

t IsBued by the liritiah Btandarda hwtitutioii (biriiiorly the British KtiMiiitn’r 
Sng Standards A»aodatioii), 28 VictoHaHtrmit, homltoi, SAY, I, Tito cxtmftn 
and tli0 notoB based on tbese Bpo<di!eatioii« tlirtnighoiit tbin book aw iiitnnbiil only 
for ganeml infomatlori. it is neither |K>«Hiblci nor dcntr».ble *«xb*iiglirily 

from the Speoifioafclom The latter are i*iex|ioiJiive {mostly 2h. imoh) tiitd, m tibty 
are subject to periodic revision, It in oHsenfcial that the coi«|»lfte and Itit bt 
consulted in order to ensure coniplianco with British HtandartI prtudlce. 

$:The rating of an electrical ma^dilne in the output wwigntnl to It by the makrr 
together with the associated conditions marked cm the Itating Plain. 

(> 
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670 


hence 


H.P. 

i*.]nnu 


ZTT 

’:5a 000 ^ 


l\)r<|ne (ft. -lb.) 


and 

, TU)()() H.P. . .j. 

1 or(|n(‘ (li.-lb.) - x ^ == 5 250 x li.P. per r.p.in. 

= 5’25 X H.P. per I OOO r.p.m. 


The HritiHh Standard Hpeciticatious (B.S.S.) I'clatmg to electric 
luotorH (liBtingtiish between fractional liorae-power motors, indus- 
trial motorH, and largo motors as follows — 

B,S.8^ No, 170 — 192C > : Nractumal lIorsvAhnoer Motors . — This specification ap- 
plies to motors of any wntimwtis rating than 1 i/.P. xmr 1 OOO r.jj.m. having 
windings insulated with Class A or Class O material."^ It applies to D.O. and to 
A.O. motors of commutator and induction typo, hut not to ‘universal’ motors 
(i,e, motors capable of operating on both A.O. or D.O. circuits). 

[Notk : 1 H.P. per 1 000 r.p.m. corresponds to a torque of about 5*25 
ft.-lb. ; sea formula above.] 

B.S.S, No. IC8 — 1926; Industrial Blectric Motors {and Oemrators'[). 

This specnfication applies to machines of continuous rating equal to or exceeding 
1 H.P. i)er 1 000 r.p.m. hid not exceeding 2 B.H.P. yer r.p.m., having windings in- 
sulated with Class A material,:!: wound for voltages nob exceeding 7 000 V. It does 
not apply to traction motors (see B-S. Specification, No, 173), or to machines with 
flame-proof enclosure (see B.S. Specification No. 270, ' Electric Motors and Generators 
for Minos ’). 

[Note : 1 H.P. i)er X 000 r.p.m. corresponds to a torque of about 6*25 
ft.-lb. ; and 2 B.H.P. per r.p.m. corresponds to about 10 500 ft.-lb ; see formula 
above.] 

B.S.S. No. 1G9 — 1926: Large Electric Motors [and d enerators %) : Bating 
mitting Overloads , — This specification is based upon a rating which is such that a 


Tlie following classification of insulating materials was adopted by the Inter- 
national Electrotechnical Commission, in April, 1926; — 

Class 0. — Cotton, silk, paper, and similar organic materials when neither im- 
pregnated nor imiuersod in oil. 

.<4.,-— Cotton, silk, paper, and similar organic materials when impregnated 
or immersed in oil ; also enamelled wire. 

Class JB . — Mica and asbestos and similar inorganic materials in built-pp form 
combined with binding cement. 

Class C.' — Mica without binding cement, porcelain, glass, quartz, and other 
similar materials. 

For details, particularly concerning combinations of insulating materials be- 
longing to different classes, see B.S. Specification, No. 168 — 1926, Appendix I. 

-t* Clauses relating specifically to generators are not considered here, 

XSee footnote to No. 170 above. § See footnote to No. 168 above. 
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^ 6 -ja Kl.KC'rUK’AL RS<11NKKHI\(; ’I H I 

Htjntiuiifnl ovtuitiiyl • tUfty b«» }>>' Uli* lUit- lulu* Ilflrr Jl liflii* -I ! t #' 

t4i i{}* (t r, N'm I ti ■ » < * i, 

of wltii'h thrt mm'itmim smtmtmhmtfmt U,*\ itu’ I-*n»i -4:1 ,* 1 1 n 

totiino fori! hm.) diH^H m<i funuui 24 HJLV, ;»rr » ,}\m , u^v, a-^.| 

wHIi CJhwH A and idanH H iiuvf«rial''»t but ouj.:!* mi»|**r« mu4 im* < 

luotorn* 

(No’I'h: liJl.P. |HM* iiji.ni. r^i r»’ l-oi lo},|n*’ nf nUnit iJlTiAli It* . 

.vr formula idM»vr.J 

!i,S*S» iVti, 22(1 A‘M fur (un./ 

Muximum Hntmtj, TIuh Hj>»H‘iiU’ali»»n iniaoMHl mii tfi»* at uiurh Slu' 
maynafrly hurun rontlimouHlVf |H*ovidud noMU^'ianii^l » a»*i l.'.ad-t * ao’ tlio^wn II 
(ef, K<». aliovu), Uapidii’Hto mofMtf* mt*'d t>>t v. u' 4 /<’ fij j ^tp f.p.m , 

having windingH innulatud with ihiiwa \ and < U > Ho a*. ^ •«, ' . "? n ludinn 
Hiuglo |iha»4<5 moioi'H lUJtl inuU^rH. 

(; 2 ) TYl‘KSOF MNh'LOSintK nV MMmiSKH. Tlin iyjaig at .•Ind.oinv 

by thn B.H. HixHallmtiiitm itni)' 

liriuily dnfunHl m ft^lloWH. It Hhtnild Ui tliiit iiiiiiiy tif 
iyiuiH al’ t«ii(‘lnHurn am ant ttHial f<ir 

(/i) MA(^HfNKS, 

Open MdifT,’'” One wHIi m mtriation tnvtmlilnUosi uihnf thw itml 
by g(X)d tuiH’hanloal <H«wt.niation. 

Opm i^ed^xtal An *o|xiu mnUir* (‘i.v.) 'wHIi |>ixir*iiiii b«iirtdng» 

i3ndo|xiiidunUy of tins maohinr fraiiio. 

Open Knd’ lirackH ■ An ‘o|>t*Ji motor* fa.v.) with of wliteli 

the bwIngH form an iiitt'gnU part, 

J^roUctid Motor, >-The Internal retatlng >|»arti and lit# imii# art fimlerlpil 
meehanioally from ikoeidental or eambti oontaol with# venllhitloii In iiol laalttiiilly 
obstructed, Unl©8» otherwlae ipeolEed, a pwteotoci mawhiii# hsii eiittbmektl frinl 
shield) bearings, 

Bcrfm-PTQt$d$d (fonmrly called B^nrhmd VfniiluM} A/nfor. Vuitsfatmic 
openings in the frame and end shiekiH ant pmkHtttd with pt^rforated ru\vt% fwiw 
screen, expanded xnatal, etc.) having aiiertunm not extwditig 1 1**|, in, Imt n «4 
than sq, in. In area, 


** Omthad is any load in excess of the liated Ixiad, 

Smiained Overload is an overload sustained long enougb to tfeefc appwrtahiv 
the temperature of the maohine, 

Mommitary Omrload is an overload not sustained long tnough to al!in4 ap- 
preoiably the temperature of the machine* 

In practice, the period (if any) for which an sleet ri« motitr can riyry a gnii. 
tained overload is determined by the heating of the iimohin© j whnreax fchi! 
ary overload capacity is determined by the limits of mtisfaotory lift 

B.O, and A.O, commutator motom, and by the etalling torque In the of 4 * 0 , 
synchronous and induction motors, 

1 800 footnote to No. 170 above. X S00 lootnoto Ui No. l«S abefi, 

§ 800 footnote to No. 170 above. 



Kr-Kcvriir(: motohs 


§ 670 

Motors with Mesh (Uive7'S," Mac-hiues having mesh oi)eiiiiig8 smaller than 

g'g sq. in. in area. Such niadlunes tiro to bo regarded as ‘totally enclosed motors ’ 
(q. 7 ,) and am to bo tostod (as n'gards fcomporaturo rise, etc.) 'with the openings closed, 
as such o]_>oningH ofb'ii bocomo clogged in sorvico. 

J)ri 2 hJ*Toof MoioK- -^Ono having a frame and end shields provided with openings 
for vtintilatit)u so pr(>toctod as to exclude falling water or dirt. 

( 6 ) PlPJfJ^ on DUai\VP^mMLATJSD MACUmES, 

Pipe- Ventilated or Dnct-V^e^itilated Moto7\ — Araaohino in which there is a con- 
tin uouh supply of fresh ventilating air, the fmme being so arranged that the air may 
be convoyed to and (or from the machine) through pipes or ducts attached to the 
enclosing case. Provision may be made for either an inlet or an outlet duct or for 
Iwfeh. The suj)ply of cooling air may bo maintained by self ventilation, by forced 
draught (external pressure), or by induced draught (air drawn through the machine 
by external means). 

The ducts to bo provided and the means of maintaining air flow should be 
specified. 

Fm'ced-Draught Motor, — A * pipe- ventilated motor* with ventilating air 

supplied under pressure by means external to the machine itself. 

Jnduesd-Draught Motor, — A * pipe-ventilated motor ’ (g.t’.) with ventilating 
air drawn through the machine by means external to the machine itself. 

(c) TOTALLY mCLOSED MACHINES, 

Totally Enclosed Motor. — One so enclosed as to prevent circulation of air between 
tlie inside and outside of the case, bub not sufiioiently to be termed ‘air tight.’ 

Totally-Enclosed Air-Blast Self-Cooled Motor. — The cooling is augmented by 
a fan, driven by the motor itself, blowing external air over the cooling surfaces and 
(or through) the cooling passages, if any. 

Totally -Enclosed Air-Blast Separately-Cooled Moio?*.— The same as a totally- 
enclosed air-blast self -cooled motor except that the fan is separately driven. 

Totally-Enclosed Water-Cooled Motai\ — The cooling is augmented by water-cooled 
suifaoes embodied in the machine itself. 

Totally-Enclosed Closed- Air -Circuit Afofor.—Speoial provision is made for cooling 
the enclosed air by passing it through a cooler (air-draught, water or other type) 
external to the machine, 

Elaine-Proof Motor; and Motor with Elmne-Troof Slip Bing Enclosure , — 
TlicBG machines are dealt with in B.S.S. No. 270 — 1930, ‘Electric Motors and 
Clcnerators for Mines’ ; see also B.S.S. No, 229, 192G, ‘Flame-Proof Enclosures for 
Electrical Apparatus and Tests for Flame-Proof Enclosures.* 

A flame-proof enclosure (including explosion-proof) is one capable of with- 
standing any explosion of gas that may occur inside it, while preventing the 
ignition of any inflammable gas outside it. If the casing encloses the whole motor 
we have a ‘flame-proof motor’; but if it encloses only the slip rings we have 
a ‘ motor with flame-proof slip ring enclosure.’ 

The main requirements of B.S.S. 270 — 1930, tQgexdmg flartu-proof joints may be 
summarised as follows : — 

All joints in a flame-proof enclosure shall be flanged joints j and no rubber, 
asbestos or any material liable to deterioration shall be used to pack joints. In 
close metal-to-nwtalflmged joints the width of the flange across the joint must be 
at least 1 in.; bolt holes may be^^^iiMiiiaiMiKK^ed that the inner edge of the 



§670 KhKCTHlCAl. KN(i!NKKHIS(; l‘K A( TK 1 

hf»k» th lit Iim-4 4 ki* fruta tla* iuian' *>t Uu* Hiiuk*’. * < nL- i 'fan /. ,v 

pri'i^ura limy Im' M htiiim**! I*y ; (!) m H«l' > ■•*- i . »’.• 

{mriHKMMI'i ill,* utaiar iiiU*riHil hmh h* -»■« U i*.iu. « i . *, i.. 

|«'*sHitn» roIi»*f ky th<’ mnisnuiu af mu, pnji tiH- » . %■ 4 , ? 

hhtmkl Iw! rimii fim at loiwt ^ in. milialli \ , 'fhn !• i . . 

m’Hiiiug hatw^H'ii hluuiki Ih' at I m. lu < '* i'-'-'*' “i’»‘ »•■ ,. f .. 3 : 

othtn* than limigi' ga|H ; thiw«Miirlu*ir jM*f , lunlfy • • «? t* 

atui itnult^i l(<»ltiUinti 

In addition to iiio almvo loriun, tho foll«min^ nr*' I’tiiuimady 
UHod, anil drtinitiiai.H uf tiunu an' iiirhuimt in AuoTiriin rnlon 

Mt>hiK in vihtrhtiH |» 8 itn wo* ^ns» 

reniHt'mg iiiairHal ho tliiit ihi* niuUir mii bn uw*ti in vm) attiia4 

*S'«6wi*rAi7i/a iifo/on napabhi of witlintiUHliiiia to n* »». • i 

nm waUir, whrihrr kilo or working* 

(H) llKhArinK HKTWKKN I.UAD AHU HI'EKIK Till' ililn'rolit 
variatioiw in tUo Hjaanl of a motor and tint jwnwiliilily nf di** 
lilujratoly ohan|ifing thn Kpood am diHiimiivo nf 

groat practical iinportanco. Unfurluiiatoly, tim iiaial In 

tdnHHify motorn on tluH baniH am oftf*n oniployinl !ih rnoly, llrttt«lt 
Standard didinitiorm and Amorican t'<|uivabuiH nro iih ftilkiwa; 

Ohafujt^-Spml Mator (U.H. A. ivpiivalioit : A/ii/fotS'pruif A iii*»|*»r wlilrh 

oau bts opintittul at any tnin of Hitvonil diHtinrt hIhhhIh, iwOi itnii tiriillv iiHlriwtiilmil 
of tho loa<U r.f/, li motor tltn H|K«‘d of whioli i« varitMl h) I'battanat thr nuiol«»r *4 
Urt polow, 

Karw5/it Motur (tf.H, A. wjulvakait ; Atyuxtimhl^ Bpi^d Alolnf), A 
tUcj M|>ood of which can Iki varied gradually 0 V«r a »jxwilliid raitgukil whMi, wlo’U 
onoo adjimfcod, n>inaln» pwstkmlly wnafftwtitd by th« loud; Af. a diuiil nit»0»r 4r 
Hignod for a range of npood varlathan 

/ttnmaj ilfofor (U.B.A. iKjuivaloiJt; Aloforf. A lOMk-i i)iv 

«pood of which docroaHOH whoii t)io Joml in«‘ri»HHi»H; r.{f« a wrk*H iimmd mt hrniih 
compound -wound motor, 

(4) IUTIN<» AND I.IMITH OI*’ TKMDKKA’l’l'HK UIsK. JiritlMh HtBII- 
(lai'd claHHOH (>£ ratiiijr for olixjtric inoturH ai'o: 

{a) BritUh Stamlard ihntimiom Hating, ih\i\nhi% th« load whiiili can l»» »rrl#*tl 
on testy under fcho ocmdifcious of the rating and of the liH, 8|»#cjifloali«ti r«lalno£ 
the class of motor oouca rued, for an unlimlttHl imriod wltlumt ««s«»dltig liic 
of tompemture riao given in tlio liS. H|K»cifloatlo» rom'ornmh 

(6) BfitUh Stmidm*d Shart4mu iMing, defining tint l<iad whlcli ran miriwl 
on test for a spoclflcd time (I iir,, J ha, or J lir., m the nwti timv wiiliwut 
exoeadlug tl»e limits of tomporaturo rise given In Ihu nilovant liH. 
the test being started witii the motor cold. 


*See Part V, 270; also Safsty in A/nm Himtnh ilmni Pn^r*, 

5, 21, 85; IlM, Stationery Omc© (i 843). 
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KI vcimc MOTOllS 


§ 

It is Furilu^.r that chamje-^peed oiKdoi's shall havo a 

(loHnitc^ rating lor oarh sjau^d ; and iluit ‘Wirhihle f-^peed motorti 
nhall hav(^ a (hvMnii(^ ratiii^^ for (mcli of fclui Hunting* npeods specitiod. 

In tho. cas(^ ol* gi^ncrators rat<al l^a- two limits of voltage, the 
rated eurrout and. ontjmt shall )>o dotennined at the higher voltage 
nnh^HH otlaa’wiHi^ speeifunl. 

'Vhi) following (d{uis(^s ar<i an %moj)ici(il snnnnaiy of the ratings 
and limits of teinporatnre rise given in B.S. Specifications relating 
U) the motoi'H statt^d (w6 aLso (I) HoiisE-roWKR I’ER JiP.M, above), 

0emmL — Mxoopt in tlio caKO of Fractional ,1 lorao-powor MotorK (wliicT:!, imdor 
IIS.S, No. 170 -1926, aro only HiiifcaWo for uho at altitudes nob oxcocdhig S 300 ft. 
above soa-lovol), it in ueooHsary to r«tliu !0 the limits of toinpcraturo riso given in 
Tables 100, 110, 112 by IJ ^1^ for oacli 1 000 ft, above soa-Iovol in the case of 
machinoH tosbod near soa-lovol bwt intended for service at altitudes between 3 800 
and 10 000 ft. 

No correction should bo made in the observed temperature liso in those cases 
whore the temperature of the cooling air during tho tost is diflerent from that ex- 
pected in service. The standard ratings aro based, however, on the assumption that 
the temperature of tho cooling air will not exceed 40'^ C. 

Tho temperature tost of a machine having a short-time rating shall commence 
when tho tomporaturo of tho windings is the same as tliat of tho cooling air, and it 
shall coiitinuo for tho time required by tho rating. Tho duration of the temperature 
test on a continuous-rating machine shall bo such that sufficient evidence is obtained 
to show that the temperature riso would not exceed the specified limits if the test 
wore prolonged until a steady temperature was reached. When a machine has more 
than one rating, tho tomporaturo tost must bo at that rating which produces greatest 
temperature riso. 

Fractional JTorse-poiver Motors (Ckmtimtous Bating less than 1 IJ.P. ^er 1 000 
— According to B.S.S. No. 170 — 1926, thocontiw?to7tsmthu/ of these machines 
is the load which, can be carried for an unlimited period, and the short4ime 7'ating 
is tho load which can be carried for J lir. {half-hour rating) or J hr. {qtiarter-hour 
rating) witliout exceeding the limits of tomporaturo rise given in Table 109. Motors 
rated in accordance witli this Specification must be able to carry without injury and 
without injurious sparking tho following excess torque, after reaching the tempera- 
ture corresponding to continuous operation at rated load : — 

{a) Contimmm'Bating Motors: D.C., S-jjh. A.C. and l-ph. Comimitator Motors 
(excluding 1-X)h. induction motors and projiellcr blade fa7% motors ), — 25 excess 
torque for 5 mins. 

(b) Bhort-tmm Hated MotQ7% and Oontinuous-Batmg 1 %)li. Induction Motors 
and motors confided to fans of the pro])eller blade type . — No excess torque. 

Machines rated in accordance with tins Specification are suitable for use in 
temperate climates and at altitudes not exceeding 3 300 ft. above sea-level. 

The tolerance on the speed of these motors above or below guaranteed speed at 
rated load and at the temperature corresponding to rated load is ± 12^ motors 
with shunt characteristics; ± 15 for series-characteristic motors of less than 
1 B.H.P. but not less than ^ B.H.P. rating at 1 000 r.p.m. ; and ± 20 7o for series- 
characteristic motors below | B.H.P. rating at 1 OOO r.p.m. 

Tlio high-voltage tests to be applied to these motors are noted in § 1018. 
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^<^70 v.hKvrmiWh HNCHNKFJIINC; 


'‘FahuK H>iK l/uiiiiH Ilf Teinprritht tr Him’ pn’ f ^ 

Miihirn [itihvit frstni hi itetuttiii u* * if .ih 

ILH.H, iVd. 170 llOMl). 


Part of MiUtH*. 


XnHulfttdd wliidiiiKH, and turnon in 
coiita(.'.t with tiitnu } alno 
bowingH , . ♦ . 

Ooinmufcattw and HU|}«riiigH . 


'ri’ftipft -U u' 

ir Hpu' M.*,* 

.nirr*! h) 


Mtifurn lo 

thfir thjit' 


i Will* gliiifl 

totally r«rltwi»4 siid 

Ihiiio’ lift! UiM. •i»4 »li 

♦Irip prm>r) with 

Till liiji 

K»i< |m#w| mul 

tNuithiutuift Hitting. 

lirjp'l' 


riitHM A. 

rhiM u. 

i U,‘ \ 

♦ u > >» » » 

MltllTltlil.* 

Mutmu) * 

M .Ni , 

- \! t', ‘ 





4U 

U 

m 

q/t 

45 

im 

m 

4li 


Uuiiimdatnd partn, and nortm nr>fc Nowhojv hurh ilml th«'r»» in rink i*f injure 
in atmiitud with inmilat<Kl itmulati(t« <ni |iiir«** 

wiudiugH. 


Tfiduntrinl PPm'trie MtiinrH and ih*m*rai(tn (f ft'Kin I jj*##* 
I iH)0 r.pJii» to (or k ir, or k IV!) prrr.pon. \i rLHlnig !*♦ 

Ho. 1CB-— lOSihf tho wntimumH rating ui iinw'hinrM i*» iim wlurh ♦ mt t*# 
oarrldd for an unlimited jmritxl, and tho nharUitm mUf$g in tlin Um\ whiidi ran 
oarriod for 1 hr. (cm# hmr rating) or 4 hr, {half-hdmr rating) wittiput ii*«#^ing Uh» 
temperature rise upeoified In 'Table 110. 

M»ior$ rated In aocordano# with thin «p«iflrafelon imiit wlthntand 
injury and without in juriouH Hparking, the following 
reaching the temperature oorre»];Kindiijg Ui ra-Uxl h«ul :* - 

(a) OontinuouH^raUng niaUrn^ including t«»tally endomKl nitt«*hin»» . : 

50 oYerload in torque for I min. for all Hteitx, 

100 X overload in torque for 15 Horti. for !>.<?. motow up to and iuchulliig li0 
B.H.P. per I OOO r.p.m. 

lOO overload in torque for 15 wckjb. for A.O, induction motors cif all ili«i |htit 
eacoludiug induction motors of ‘abnurmiilly low or tiigti 
and consequently of low power facrtor*; the everhmd <%p«itHy of 
machines is a matter for special agns-imnit]. 

(5) SlwrUtiw raUil motor^^ including totally oncloHed maehiniw : 
lOO "/o overload in torqne for SO sacs, for all elm 

G^nwatOTM viiih contimioui ratingf inoluding totally enehwrd genmiter#, niu,^ 
be capable of withstanding the following mommtary ixmm eiirrmt^ afU^r 
the temperature corresponding to rated load— 50 overload In cnirrtuit far I »t». 
for all sizes, the voltage being maintained as near the rated vahir tw |i« inhibit# 


For definitions see hx^tnote, p. 7. 
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ELFXTRIC IMOTOES 


§ <570 

Table 110.- Jjimiis of 7VmpmUiir(‘ Iii,se for Indmirial 
(Hid (rmordtoTs {when testfd in (tccordance with 
B.S.fi. JN^o. l()8-™-1f)26). 


Fart (if MaclihiP. 


Windings with Class A. insulation/ and 
cores in contact with them . 
Commutators . . , . . 

Slip rings 

Open typo ..... 
Itlnclosed 


TiuupmtuTc Rise Measured by Ther- 
mometer (coolinp air not alxive 40® C. ; 
for altitude correction, see § 1024). 


M aclnnos other than 

Totally Enclosed 

Totally Enclosed. 

]Ma(.5hines. 

° 0 . 

®C. 

40 

50 

45 

55 

45 

55 

55 

55 


Uninsulated parts, and cores not in Nowhore such that there is risk of 
contact with insulated windings. injury to insulation on adjacent 

parts. 


Motors and generators (other than 1-ph. motors) rated under this Specification 
shall bo capable of carrying without injury the amtained overloads stated in Table 111, 
after reaching the temperature rise corresponding to their rated load, the voltage and 
freijuenoy (if A.O.) being maintained at their rated values. 


Table 111 . — Sustained Overloads for Industrial Electric 
Motors and Generators ({B.S.S. No. 168 — 1926), 


Motors with Conthiuons Itating not 
Totally hlnclosed. 

G-enerators with Continuous Rating not 
Totally Enclosed. 

Size. 

H.P. per 1 000 r.p.m. 

26 % Overload in 
Torque for 

Size. 

kW (if D.C.), or 
kVA(ifA.a) 
per 1 OOO I'.p.ni. 

26 % Overload in 
Current at Full 
Rated Volts for 

10 and over 
Below 10, down to 4 
Below 4, down to 1 

2 hrs. 
ihr. 

16 mins. 

7i and over 
Below 7^, down to 8 
Below 3, down to 1 

2 hrs. 
i hr. 

16 mins. 


Machines with short-time rating and all totally enclosed machines are not 
capable of oariying sustained overloads. 

The sustained overloads specified above are applicable only if the temperature of 
the cooling air does not exceed 35° C, (96® F.). If the cooling air is above 35® 0. and 


For definitions see footnote, p. 7, 
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Ooii 


Uni 


1 01 
No. 
o&w 
car 
ten. 

inji 

rea 


be 

fo^ 


KiAivrmvxL knciINEEhing int.\c‘rui: 

it in tlcMrwl In n^tain ihr full ftijwM jt>. Hif « »‘nts«n»-u^‘ tmu I**- 1 

H|K»n«lini^ly imhIiu'hI Inflow tlu* mtr<l Icini, Hit ihr Mihcr lam*!, »! t}i» - •** hn^* mr i, 
Cl ilu' dumibn »tf th<' uvi-rtwl "H tbr- Minniltri iiut< njn* fi»u !»* jfi* j« h .«'A, 
but iijay iu'V{*r 'J, hiu 

MoCIkmIm tif mt'iiHuntig nn- iJi s IM.'i, iiu'l liH'.b 

tr.st’4 for ihiwi iiiiU’tnJH'H aro. H|HN’ilh'ii iti f; tni''. 

hariji^ HMrii' Ui'‘ni^raion itml /Ai/jn-; /vn'ulfsfM m 

nuim SuHtaim'd Output n>d trnutU't' }*mn ‘.M Ur, UM of /.'If, T. ».*# to'in, 
AfH’nrtling if* B.S.S. H«>. lIHb tho ttiUd hnui »</ ilu.nr nnwbttn.5 rin. i.<n,4 
whibi can bo rarntni for an tuiliiniliHt |*ori»'4 wiiloiil r'*,* iIh- it 

riHo HiH'iMlictl ill Talilo I l‘,l Cl»io, I. 

Mutura mUnl in lU'OHnlaiM’i* uith tbi'* ifo'alo'it ion woli.fntt.i *s.utli*4il 
injury and without injurioiw «|»arKjti|^, tlir *, r? m tilirr 

reaching ibc ioinpcraturo corrchjn ending b* mtt-d bad. llo ttUfl v liaf^c and 
fUHiucncy (if AAl) being luaintetncd ; 

(i) ‘7,, overload in toujun fin* I luin. 

UK) ovcrloatl in tonjiU' for l/» . for \,tl mdii* lo-n :*iM‘|'iing 

thoHc of * idanirmnlly low i.jM'rd- r baih fr<' 4 t$* n< ic » rind » * of 

low jiowor faclor’; llu* o\crloui 'a|iHrjlv *4 an It mn-tonr, ». n iiialirr 
for H)|H!ciaI agrccntt'ni.) 

nniHi be cajinhlc of wiflodanding .'4> i r. . b r I intn, 

at an near the rahsd voltage an mn 1 h^ maiiitiuiM d, 

UcnomiorH and inoiiM'K rabal nmler llim nicaii. n .’imli b* »a|«»bteof 
carrying without injury the following .iin/tnne4 nftor nwintiiijg Ihr 

temporaiare rlne corrOHponding to then* raMi t»«4, ifa- Am\ ffWfWiiiry 

(if A.O.) being maintainetl at tlndr mhnl \nhi«’>» : 

(IcneratorH; / ovcrloiMl nit urrnn for .f hf'fi, 

Motorn: 2f> ’7 , overload in ion|ue for -f hi 
MothodH of nteaHUring tetnjH*nttiire rtre de»»*nl**'d m | lfW4; Md high ndUK* 
tOHte for tbcHC rnacliincH are Hjitrifltnl in n UUH, 

ljnrg$ fiJhdrk (Jawnttfirn utui Jlfeteri; reafimimw /fulitif/ ItOHml 

miipui mm than*2^ klV^ kVA or liJtJ*, pot r./».ra,|. Aw^mling tn liH.H, No, c.in, 
19‘i6, thn rated liuid nf tbiiMe juaehim*H in the low! which run ht eirrWt for an 
unlimitod period withmifc McmKling the h^nipemhiw rinu upfudlkd in Tabb* iPi, 
Gok II, 

Thin Btwciflcation dtwK not iHirinit nijy’binra fee carry any outrloacl, 

but it domandH tliat thn following tmtmnUirif omrkmk im mrrlwl withoul injury nr 
injuriouu Hparking, tho vnitego and fmjueiicy |lf A,CI.| liciiig imltitiilnrd at iMr 
rated valuow 

Gemrakn 50 7.1 w«rbia<l In ourwut. for 15 mvH, 

iHoters (a) DXl Muton .* W 7« w«rh>ait in Unttu« for 15 mh’«. 

(6) Spmhrofmm Mok>r$: 50 7« nverloail iti leit|i.w for 15 mm,t 
withont dnipping out tif «ynehmnbin ; ti« ^citation luting hilly 
maintalnad. 

(c) Xiwtuctmn Moter* ; 75 7© wtrleid in torque for Ift mm$» wlliienl 
Htaliing [exempting moto» of ‘abnormally Inw iir iii|li 

fr 0 qn©nci®« and comasipumtly tow |Ktw«r fantor* and motors 
where a larg© axconH torqui® in not nK|nir«nt ' ; in f<uiib lit® 
value of thtiexoeBB towjuo Ik a Hubjeet for H|Mwial a|r««ri«nt], 
Method! of making temperature meaauruinimte tim deiicrlbwl Ini 1031$, and 
high-voltage tests for these maohines are speoffted In | lOlB, 
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MOTOIIH 


TAiti.E 1 12.— of Tf.inpemtwre Rimfw Ltmje Electric Generators 

and Motors (token toMed in acceyrdance with B.S.8. No 169 1925 

and 22t)- -l!)2r)). 

I TcmptTiUure rise jn'miitted by R8,S. No. 169—1925: UATINC} PISUMirriNG OVERLOADS 
II «- TempcriUiirc rise jMTmilted by B.S.S. No. 326—1925: CONTINUOUS MAXIMUM RATING. ' 

I I Tempemtore Ri8o(C(K)Iinf{ Air not above 49® C. ; for Altitude Correction sec § 1024). 


By Embedded Tempera- 
ture Detector Method 
(Resistance Thermometer 
or Thermo-Couple). 
See Note (c). 


I’ttrt <jf Machine. 


A.C, wimlingH of Htatorsor 40 
rotorn ruted for not over 
7 000 V. 

I htU) rated for over 7 (MKIV 11 

Field windings Mlalumary j 

or nHttting (other than 
4i 5, or 6). 

Exciter Held windings. 40 

I.OW rertiHtHnee Hel<l wind- 45 

IngM of more than one 
layer, or coinpennating 
vvifidingH, 

Single layer Held winding!* 50 

with exposed xurface. 

Short.cirfuitrd wlndingH, 50 

inxuiated. 

Windingw of arroatunn* 40 

having vommutatorH, 


Short.cireuilod windings, 
uninsulated. 

Iron core and other partn 
not In contact with 
windings, 

Iron core and other parte 


Insulation.* 


Class B In 

1 1 

' 

By Thermo. 

I 


KesiHtance 

meter 

Resistance 

McIIuhI. 

Method, 

Method. 

See Note 

Sue Note 

Sun Norn 

(ft). 

(a). 

(- 

&). 

1. 11. 

I. II. 

”17” 

11. 

(«). (4). 

(5). (6). 

(7); 

(8). 

"C. ®C 

*'0. ®c. 

®c. 

®C* 

45 60 

50 6.5 

65 

80 

t t 

11 1 

t 

t 

50 60 

t t 

BO 

80 


50 65 

t 

t 

i t 

55 70 

t 

t 

50 65 

65 85 

65 1 

85 

(Se«Notc(«)) 


(See Note(^)) 

t t 

65 85 

t 

t 

t t 

so 65 

t 

t 


Between 
Between Outside of 
Coils in Coil and 
one Slot. Bottom of 
Slot. 


65 80 56t 70 1 


65 89 H 11 

t } t t 


Nowhere such that there is risk of injury to any insulating or other material on 
adjacent parts. 


irta Same m for adjacent parts, as given in Cols. 1 and 5 (or 2 and 6), or Cols. 3 and 7 


in contact with winoings. (or 4 and 8) in the case of item 3, except that the correction specified in footnote 

U Ahull not apply. 

12 Commutatont. (I) 45® C. (II) .15'^C. 

Slip ringH! open. (I) 4.5® C. (II) 5.5*® C. 

„ , , encIoiMsd. < 1 ) 55® C. (II) 60® C. 

• Far definition sec ftxitnote, p. 7. 

t If dcMtrcd by the manufucturvr, in the ca«c of stators wound with one coil side per slot, the temiJeratUre rise 
may be meanuredon the copper, inside the insulating tube; the permissible temperature rise is then (I) 70® C. ; 
(II) «5*C. 

t Thia method of rntfusurement is not recognised in these cases. 

II Reduce the values of temiHinature rise given for item 1 at the rate of li® C. for each 1 000 V or part thereof 
tiy which the voltage for which the windings arc insulated exceeds 7 900 V. Windings for over 15 OOO V are sub- 
ject to Hpeclat agreement. 

NOTES. — (tt) The thermometer method is applicable to those measurements of A.C. windings where neither 
the embedded temperature detector nor the resistance method is applicable. It is also the method to be used tor 
the measurement of all series windings of low resistance, for exciter windings and miscellaneous parts (lines 9-||^n 
Table). V/hcrc thermometera are used as a check on the resistance method, their readings are subject only to 
the temperature limits of the resistance method. 

(h) The method by increase of resistance of windings is applicable to all field windings (except stationary low- 
resistance Held windings and exciter windings) and to stator windings of machines not requiring the use of 
embedded temperature detectors (Note (c)), except that it is not to be used for the A.C. windings of machines 
requiring more than 5 mins, to come to r«st (the thermometer method is to be used in such cases). The resistance 


requiring more than 5 mins, to come to r«st (the thermometer method is to be used in such cases). The resistance 
measurementH shall be made before and during the temperature test. 

(c) The embedded temperature detector method snail be used for the slot portion of stator windings in 
machines; (a) Having a rated output of 4 000 kVA, B.S.& No, 169—1925 (5 000 kVA, B.S.S. No. 226—1925) or 
more. (5) Having an axial core length of 1 metre (3*28 ft.) or over. 
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§670 KIJ‘X"riU<’AI. KN(iINKKHIXc; VUM'TU'K 

TIm^ piirai^rajilis ouvrr iIh* ♦h^tiinliiin *<t' tli** huiNf* 

pijwnr fif iiiotcmH ({Um! IIm* kW nr kVA i*f 

acecirdini^ in Bniinli ntaitdardH. Tin* rhuit*!* of inutMr ty|i»' un»i 
Itorat'-powc^r for Hpooiflc 'nam is iliMioiHMffl in §§ TAfi sf,f, 

Tlio I.K.K. Htilrs fo iimtorH nufi iiiai'ltiio' iM»iitrM| ;;i-ar 

nr(^ cittMl in § 781. 

Duiy-'ihjelv Rtif'uujn, Kk^rtru* motorn art* oftm tHrd 
iitachinoH which ojHOiitc nn a hIioH cyrli* tif nori'h^nit inn, njnr»» <ir 
lows stoady nninii% n^iartlaiJon anil rvs\ , i\m v\vh* h*in^^ ri‘i»«oili*«! 
IHsrloilically <111111114*11 morn or l^^Ms prolun^^oh |>ii*iM.i, ( ‘raio^s, lifN 
ami w!ii<lin|4’ (ii^iu(‘H arri fainiliar oxaiuplon nf Hto-h nyndtiitt*** aijit 
then*, nro many oIIki’m in imhiHirial sorvifo, I'hy ratioj^ nf 
for thoH('. conilitionn in a tiilluMili )>rohloni and f»ni‘ whiofi ilnaiimlH 
Hpocial eonmiloratinn in twli t’any. Ohvinnsly. tby noivtimiin or 
poak H.P. of till! cycle Ihiu-h no fbdiniio rolntion tr^ t!i*» r* mi -moan- 
Hqnaro (R.M,K.) horHc-jHnver of ihi' vyvU\ II10 nititur iintHt bs 
capable of (kwolojnujf^ the tuaximum H,V, roqninnl withmii sinlUni^ 
ami without injuriouH Hjiarkin^; and it nuist not attain mn injornep. 
fcotuperatnii^ at tlu^. cmd of tin* longest H<*rii'H tif cyclic r*n|uirps! in 
practice. Tlu^ root-m(*an-H<[naro H.F. of the eyrie • in tci ncimii nx- 
tent a imuiHuro of tln^ h<id.in]Lt to wliiidi the nitilor if» 
it inuHt he reiu<uulHni^<l that tin* nmxtnmni hinporatun* in tmoh 
cycle iH rcacluid at tlie (*,(nnnunn’ninont of tha idle parkici, and Ih*' 
extent to which the motor in hotter at Ih© of oim ryclo 

than it waa at the h<'.;^innin^ of the pracatlliig on® dapamlH on fin* 
duration of the idle peritKl and the actual fceniparatnre of fln» 
motor, the cooling facilitiw being conatant* A ahort-poriod heavy 
load followed by a long perioil of idbneea might give .the mum 
R.M.S. horne-power for the cycle m m lighttm IoimI inaiiitiiiitd 

Ofibloulated from the formula! — 

«• s/m% + 4- €% -I- f / ^ 

whore A m HJA required for sopondu, 

JB m „ ,, ^ »t 

0 »• „ ff M 

eto., etio. 

a-nd T »* total duration of cycle in secondu, Inoludtng th#* idle priwi. 

I’or example! If 20 H.P. is required for $ Mtm., 4D H.P. for IB %ni Ihe 
mflbohine is idle for 40 secs., the B.M.S. horse-power 

«. ^/{[(400 X 5) + (1 600 X 16)] / . 21 H.P. 

approximately, but the motor would also have fco imrry 40 H.P. without Injuri^um 
sparking. 

If) 



ELECTRIC MOTORS 


§ 671 

during a greater part of the same total period, but the same motor 
would not be suitable for both services. The best course is un- 
doubtedly to plot the actual heating curve (temperature against 
time) for the machine in the service conceiuied; the continuous or 
short-time rating of the motor is then P horse-power, where P is 
equal to that of the load which would bring it to the same final 
temperature in continuous or short-time (1 hr. or ^ hr.) service as 
the ’case may be. Whether there is any point in determining the 
equivalent continuous or short-time rating in this way is another 
matter. It appears to the authors that the conditions of periodic 
intermittent loading are so varied that it is best to specify the exact 
requirements of the cycle and leave it to the designer and manu- 
facturer to supply a machine capable of meeting them. In general, 
a motor for such service must be relatively more expensive in first 
cost and less efficient in operation tlian one driving a steady load. 
(See also § 752.) 

Generally, a given motor is capable of carrying a heavier load 
in intermittent service tlian in continuous operation,* but, if start- 
ing is very frequent and the starting current very heavy, the 
machine may become hotter in intermittent service than it would 
on continuous full load. In such cases it is desirable either to use 
a motor developing higher starting torque per ampere or to start 
tlie driven machine through a clutch. 

671. General Construction of Electric Motors- — The main 
components of any electric motor are the stationary field system or 
stator ; tho armature or rotor, with its shaft and bearings ; and the 
commutator and / or slip rings, according to tlie type of machine 
concerned. Tho i'ollowing notes indicate the principal features of 
modern motors ; for furtlier details a-eference may be made to 
treatises on motor design and to manufacturers’ catalogues. 

D.C. MOTOES. 

Meld Syntem. — Yo7ee of cast iron or cast stool, split horizontally for coiiTenience 
in the case of largo raaohines. Pole coi'es fixed to the yoke ty tap bolts, so that 
each core and its winding can be removed without disturbing others. The cores 
of the main poles may be of oast or forged steel with lanainated pole shoes ; or the 


* The same size of motor carcase, costing approximately the same in both cases, 
will serve (for example) for the following outputs ; — 

Contimiom rating . — 1 B.H.P, at 1 350 r.p.m. or 2 B.H.P, at 2 250 r.p.m, 
Shortdime rating . — 1 B.H.P. at 900 r.p.m. w' 2 B.H.P. at 1 500 r.p.m. 
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^ 07« I'.j.F.c'i'KK’Ai. hn<:iM':huin(; i*h.\i 'i k i; 

titrr lunv 'I'h** ml* |» j 

hMuirInitt* . InmniMlrd l*«tl fjriH'iHfh -.‘'Isd >l« « I *<!- > ,\i' kI 

t'tnh lu'r t« .uaily ujlli i mM»’14 hu,4 ms|»< « .%rrii»| 

/iiiti (“mis iiikI tniminift* ifimiintjA nn' f;fii«'i4iklK »■! * •'!<}*» i am-ihiiI * 4|.;f w j ,»* 

itiHllIattHl \ulb flil!«'rtH»anl «uid riii|ui*' » l‘4h. f tnufin.; n iImj iiJisSal, 

arinaUiiT r<*a»*liuii) iumHint »•( iiHulatMt biis > m -•jui < !■ •* -I 'd..| , m Hit- 
nluu'Huf tlu* ttiaia iii'hl HAhtfUi. 

> I'ho Ffiri’' Mf !* J III Iftliftil 

miy’hitifH; auiuilar Hivbfrn in ibarUulrd |. - « mm-! ni-ji *«|iiilnr’ 

w!iit*h IH ki»jtnl to thr nhatl. wir bmli oi t^-nf tUa inij titHii 

aud iho laiuiuit-iionH rlamjHHi Uaif^iUulmiilh l»> aud » lul 

wiili |»rojm'tioUH boariug u« tin* l**i’lli \*i Ihn laJ4ti*»ali‘’U‘> y>^fnu'f i» i*ndi an* 

g«ininuny with iuiprogiiat»Hl tnpi* mMilatn'O, nod oh* a 

tiiniH and rimiid tho tnuln. Shits ikW iim*tluii)i ur miidlar 

oiait'dal, and i\w noiln am hidd in n|H*n hy IuihI liho 

(Unninnialur timl A rtiHt-inni H|nd«’ri«r ita\i’ J***\rd i*. iii»' nlmti I'arrn-H 

hard-drawn vopjwo* harn iiiHtdatrd by nii«*aiiiit»* Itmn f*»rh »4hi'i, fo^u tlm »»|ndi’r, and 
fmm thn V-Hortion nnd riiiga whh'h Indd Uu* l>ao» m |dtM i\ I'h*’ \%« anng tl«j|ith m! 
tlui Hhttuld hn not Iohh than | iia t*arl«»n ♦•r gni|dnti* hirtod** ^, imh Itnsirtd*’ 

rtdJpw * tailH," and indnpoudnnt adjnHlnn’iit m( hraring lat'Httnri’ f**i raoh hoNh, am 
carrii'd hy hrunh ludiinrM munntnti mu hriinh N|»mdl«‘*i paralhd U* l!i** Thn 

ImiHh Hpludlnn arn mrriial Uy, hut iiiHul#it«d a itng knowii m Ihr *btt»dt 

iiH^knrd wliit'li can Iw Uirntsd alightly In inthor din<4 li««n ni«»rdrt t*»hi*ng {ii»» hiu^lam 
into thn platm of H|MU'kIoHH 

Ti^nnhuil Jilarkintf,' At tin* tirnnid w illing |l*dd.'t| Ihn marking *»f li'riiiiiiftb uu 
ti.Cl niatduiU’H in undnr nimHidnriiiion hy tha M.HJ, Tho Ctnv«rni»ttnl fk«|iiirt 
inunt Klmdrira! H|HH*iJii‘athtn* Nm. tl (I»»r»n*t Cwmoit ri»ndrr# l«»riidiiiil« Ui 

bn luarkiHl an fidlown:- 

lam; tnriinnalH , . . . . * . 1# d* attd I* 

Annatum tnrudnalH .,««*» A m<I AA 
Hcsritm dtiltl kiriniiiala T ¥Y 

Shunt fkld Umiiimln % and ZZ 

ArmaUiro and »hunt fluid . . . * , AX 

An tarthlng tomdnal mimt bn in Uin tnot4*r friuim ui»ar tin? h^immal kiK, 

A.a MO'rORS. 

Steion—Thei fnintB UHually couHiHtriof a la»xd>|Hf nuHting wUli oonitl for 
wntilatkm} It may bn npllt for tjawt; «d tmnH|M»rt bnt in almM«t tiivafialil) ladlrd 
pewnanently togefchar in Herviec;, Tint m/'rt t'oiidMtit of liuninatiniw k^ywd oril*»vtn 
tolkd to the yoke; annd-cIoHnd nlnU am UMtak and tint wnyiallng dwto and 
clamping aw as in D.O. armatures (<|.v,). Amnirdiiig Ui th§ vcilligtt 0 I itw miudihifi 
and the maker’s pmctioe, coil or Imr wimlings nm nm»d* wliii f|ticiirlrall> wuklifd 
connaotioiiB between conductors. 

In $alUnh))oh mmhrmma tmhrn tlm rotor vuimnin a! a thi,*, fkM 
system, substantially the same as that of motiirs ( 4 .%',), nuroid lhal th# 
cores project radially outwards from the hub or npkUr luid the wlndo wysletii Is 
designed to withstand rotation* In induction nudm% ftmtan, 

and A,C, commutator imtorB, the mecbaulaal ooiwfcrwotkmi of ilw! ni|«*r k inbitantb 
ally the same as that of a I), 0 . armature In the mpilrsniUiagii incluciUon iitotor, 

bare copper bars am braaed to high-resistanoe end rings ; In «h|i rtiig induction 
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§ 671 

motorn, iui{‘.a-wrH.pp('<l hats, anuugiul an a jihano winding, are coianocted. fco 

Hlip-ringK; and tu Ad’, mmumtator uiotorK tluj wiiulhigs reHoinble more ov less 
cdoHoly thoM' of Pd ’• iHn<c*rs, 

l^lip ihmtnmtahr tml Jirnahm. Hroiiy.o Hlip-riiigH are standard, with 

carlHHi or iiK'lallisod grapliito brushes and, in some indiietiou motors, automatic 
gear for short (-.irouiting the Hlip-dngs and lifting the brushes to eliminate wear and 
rosiHi.anot* losses when the luoUu* is running at full speed, Where a commutator is 
ed its oonHirnctinn is as in tbO. motors (tpv.), 

'JVniiiiuil MarkintjH, li.H. Siaaafieations Hos, ICD and (1925) stipulate 
that ‘ for A.C*. tnachim'H thi^ hdtm's A, 11, (J shall be adopted to indicate the external 
r. .nuotditniH t>f a H.phaw* luaohine, and the letter N shall bo uhocI to indicate a 
lo'utral tuumet’lUm.” 

Tho tmsoii for Iwminatimj aorv^H Is to prevent the circulation 
of heavy e<I(ly currents in<luce<l in the iron by fluctuating or 
alternating mHgiu‘.tic tiehlH. The laniinationH are thin sheets of 
high-]>ornu‘al)ility, low-hysteresis steel (§ 82, Vol. 1) of high elec- 
trical rtwisiaiKuh insiilated on one si<le by paper or vax*nish, and, if 
the whole ohjiH’-t ol! lamination is not to be defeated, there must 
})(>» no hnrrs, hart^ clamps or other conductors short-cmexiiting the 
laminations. Hhort-circuiting by burrs may lead to welding fco- 
gtdher of the sheets and burning of insixlation. Laminated cores 
must he (dampod tightly to secure mechanical rigidity, and prevent 
humming <lueto vibration by magnetic forces. 

d’he function of mterptdcH into maintain spai’kless commutation 
of tlu^ macliinns at all loads witli a fixod brush position {see also 
I I HP, Vol. I). ndiit‘ same ptirpose is sexwed in A.C. commutator 
moiow by MptHual roinpeostUinfj wimlinfjs. In order to on»sure 
satisfactory comnnit-atioii in large variable-speed D.C. motors and 
in inaehhutH Htihjnct to abnormal overloads, compensating windings 
{.sonuitimoH eallotl neutralising windings) are placed in slots in the 
main pole shoeH, and connected in series with the armature in such 
p( Parity that they compensate for or neutralise the cross-magnetis- 
ing tdltH'i of ilw luunatnre, thus preventing the plane of commutation 
from biung slufted by changes in the armature current {dm to load) 
or in ilu% main tield current (for speed control). 

The of inie'rpoleH i% a motor is opposite to that of 

ilm next main pole in the direction of rotation. Reversing the 
ditavtion of rotation hy mterehanging the terminals of the main 
field ciremt ravorsos the polarity of the main poles and, as the 
rotaiiou is reversed, the polarity of the interpoles must remain as 
litdbrc; in otlier words, the intarpole connections must not be 
interchaugtMl in this ease, On the other hand, if the polarity of 

19 



Hi.KcTiiirAi. KM*tNKr.Hi\<t 111 \rrirr 


55 «> 7 i 

thf lUllill !*«• i»’H .IIS'l iJs'- IN-f-l i,y 

n-\«‘r^iuir ilt‘‘ |«»lHril} *1 i j. i , . i.. ti.. .M«Mitiiir. tin* 

jHiliirity **r imu- 4 .ti--* !•’ s. i II,,. t«»riiii'r 

iiic'ihu«i ti'l tli** ili*’ in.-im tip|i| 

tniuiMH’tiniiH) in H|iii|»l«»r iiii»l iIm' ‘’U*' umi.hIU .i- i. 'I*!*’-! 

if'i ui iK. iihJ.iliir*’ uiiihI 

hIhu Ih' if iIm* *iir«'iii..ii *4 vnrrvtd ly 

lunuatun* is n‘VfTMt*i|, 

idvul iuMubiliMU tu a f'> h.t > i r* ii>i»’ii »ir 

laiennitt* whi«*li ui’iirn iltr,!* wHh ili*’ 

' lli^h inirUH ’ ranalt wla*a ilia ll»4i il 

iiiara nlowly tluia t!ia l•uj»|M*r: uiiati \\riip4 i\w 

lirunhaH rupidly au4 raniiltH in H|tjirki{i^^' t 'is4rfruitifi;4 Ihi' 
Hliiu'mataH iluH tnaililajiui aaf‘i’ in iif«iMli*ii t*» |»r*n#a4t riirl«»n 

aiul (•ojijiar «IuMi fniui nnaiimiliitiMU in tli»* **1.4.4 {in.i 
tha barn. 

1'hn of iitt htaiitat iii«4»»r4 nri^ % tsin4iiii»*4 iiioiiiili*ii 

iha ruiar lUnl uua uf tin* r4|»r4i(ill\ ii* 

htwinj;^ tiuu'hinaH, \mi tin* i•l^ n |*i il«i^ 

Hluift liayoiul {}|M‘ tiiakaH thnin iH«»rn unit rwliiw*?! 

th(^ (lalltn'tinii of tin* Hlnit’t by lli»* iliHUiiirM I»i4wwa 

banriuoH. I'hiH in n coiwiilaraliMii of itii|w niiiura in imlwr* 

tioii laottirH, owing it> tin* vary Hliori itir'-gii|» of iiiiirliiiii*t<, 

'riia air-gap iif Haliont-pola HyarliriiiiiniM i«i niurli longer, 

ami that of HyuehrttiuniK-hicIm'iitut HMil<irH m h*iig«*r llyiii tli«» air-, 
gap of ail iinluation motor. 

Up t{i about HK) II. I*. th«* of an ilortrii* tmlor ran 

gnuarally ho rarrirl by tnnbhrnrkotw or otnbwliiolilH ulturliwl tolhi 
iiobl or Htator fraiur, but {Hnlimtiil iMairiiign nrr tmiml for taf^r 
machiiioH and can 1 hi UHtMl in aitmilor iimiorH if itr«ir«b Foiiitn 
“which nlionhl not lai orarkKikiHl ari» tlni jaiHMililtf a<l¥Etitag»w of 
vartical-nhaft na^torn for hoiiio flrivrw* #\f/. wnitrifiigiw, atiiiir 
of pnmpH, boatora, and no on ; and tho ditairiihility of tpitig » third 
hearing, outBide tins pulloy, whan tiriving vary Imnvy Itmik by 
halt, rope, or chain. Ball and roller h^uringH tim litdiig iiiwd to an 
increasing extent for electric mofconi ; they mm iii«ce, W©* 

tion and, when properly packed, inin aatiafactorily in tliii dirttet 
surroundings with a minimuni uf atkmtioii. The negligible wear 
of hall and roller bearings is a valuable fciitiirr where induction 
motors or other niachineH with vary short air-gtijw ara <^>nciu*m4l 
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iort 

iSf jiiiilHf*! iff rtn'luMH rr t**r vUn tru* firi* ill 

^ ii70, iiinf l♦lnil tiii*t«*i>i with iiir 

withnuf jii|»i* Vfiit itri» i1m» ty|»i*.w in 

in^liiHfrinl Tf»tnl i*iiftimiiri» nmn-riiilly iwhin^M tli#’ iwlnriil 

ntulinM- I'iirilitii»f4 of n itiith»r imil !ii»iiri^ ifn mliiii; i'l 

rM»»Hn;( iHiiy tg** fiicilttfil4Hl liy cwling milkfur'i^^itlw «»ii ihi^ iwitor 
lij pniviiliiig iiili^t mid mitlf*! in tli»» nixing iiih I 

j'mu|Mn ;4 ctwiti iiir ihniU|*;h tfio hUvr; m\ fur %n** in l•xilli»«ivl• 
idiii<«{ilit!raii| l>y arr/nij^iuiif fiutn (wi Ifm tu tfriiw «ir 

fhrmtgli vaiitilatiiig chiek in tluiaimiHf* of llw iii«rtt!tH», ihiwdirlM 
Iwirif no arntnpMl that tiny tin twi nniimiuiiiaitn with thi* nirhmi’fl 
jiortian nf thr raNiii;^MvlM*ri»in tlp^wiiHlini^^siirnHittmtml ainl withhi 
which all Hjnirkiti^ k cuiifiniul. Thin niutlunl nf <*n«iliii|f rrHulta in 
ilir nitin|L( nf th«‘ mulnr huing fruiii HO in nf thfifc nf an 

*< vjM* nmtur nsini^^ tin* aanin fmmc. 

7tw uf lit'iU wliinli ma Ik? hy a tutully mulitrwlfch- 

(ittt Hju t« Htrii’Uy liiiiitfKt, mn to iti* 

rrtnw<*a hy ijirivaHiug thu radiating wurfarr, n.ff, by furiniugCim c»r oormgifcfciaai on 
t,hi* ujit till** *tf thr^ fmtno mA nrifl covrm Iiirmawlng litu motor dooi mt in- 
riva».«^ th«‘ natumi r«niiig of tha antdomH! nmciilna, but it do«i immm tbteor© 
Imu'.i'i* liriins m fc}ioii|ii»d i« irtareiywHl, a JimifclogH*P, i» rtiwbiid b^»d whicsb it 
i'l not mh k» go with a partioular frania. Tho H.P, of a wll-witllafeod motor in. 
rroiiwctu rtmghly with tlio cnilHi ot th<^ diinoiiRionsi but the cooling lurfaoe of tha frame 
narwaww only with the w(uar<» of tlio dinicnHiann, lionco lioafcing boeomas a mow 
w^rlfum |m»Ulcm in onrlowod nu»tora an the of the latter inoreaiUOH. Thoro is no 
diahnilty in mniiiug nmall niotorn totally cndosfKl, but larger maohirias become 
wMIvnIy very hrfwy for the output whbdi they can develop when totally enolosod, 
and febi advantage of forcml ventilation boeonio |>ropoj*tionak»ly greater. 

Theortticmlly, a totally enclosed motor is immune from dust and dirt in the 
Hurrounding atmoupbew. This li true only if the inacbina be thermeUoally enclosed. 

( )t4tdrwls0* ohmgm In temjperatur® cause a breathing ” acfci«i (of. § f53S, Vol 2), 
air lunug oiepolled from and drawn into the casing through interstices as the motor 
hoatM up and ooali down. In this way a certain amount of dust is drawn into the 
iitwhjjic iwul at^curnulatos there. Forced ventilation of an enclosed machine by clean 
air ii(»t only huu’uaiu^H its rating by cooling it more effectively but alio keeps the 
wlwiiugK rlraiL As ihe dangerous phase of the “breathing” action is when the 
motor «o(»1h down, ilu^ ttonnoction to the clean air supply must remain open during 
this period, otlusrwiHo dust-laden air will be drawn in through infeerstioes as before. 

8p#{»ial air filters have boon designed for use with open-type motors which are 
to bii insfcftlkcl in dusty situations. The air passes through the interstices of a stack 
c»f rbmfd spatted moki platen, tho latter having been dipped in an oil which forms a 
vmwHw, dwit.wtaining flliu on tiio metal. Tho filter must be washed periodically 
hi imraflhi, petrol or soda wator, after which it is re-dipped in the dust-retaining oil 
and alhnvcci to drain before it is returned to tho motor. It is for the user to decide 
whether tha smaller sin© and lower cost of the ventilated motor, compared with the 
total itu’losed machine of equal rating, justifies the trouble of attending periodically* 
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ti> tlifv f|lti»rj^. U thf» Ifittftr Im* l_ 

with tip* riwuH tliitt galjiH iu*<p'i4m t4» tht* fifpl Oj»’ ppi- Ntur i'i : 4 ’ < ‘ 

iimi tming t« t-h^ vtniiilaipm Iwntig Whru'WM' «?• h 1 % • > '. *' , 

air wlpniltl b* r(;mnr’i’t4‘d to a jnjiMi’ !^•n<lutK' <•* a *ht'A ft**' |4f»» ». i ■ 

will riitor tho PuwhiiH* vvhoii it in hIujhIiijk 

During \*»‘arH thor»* Iuih 1mo*ii ♦‘MUHtilrt'al.U* » < >n 

i!i«* nf rhTir'n'tt! tuttrimutfi TIm' 

lu'?ai of hy<lrn«^i*u is iuih’Ii hi;x^o*r tloin fli.it «'l air, alMnit 
Ii’4 an rtmipartMl with t)’:24, h»oin» 1 !h. nf hy*lrM;foi$ mrrh’.H ntf 
J t>*24 or ahdtit* l4tiiiH*H hh luarh lo-itf f 11* “t air fnr lli»* 
Miuuo t,oni]>oratiirr-nM<‘. AlH(»,hy<h’<i;:rii %\ ll\ u*'f r . jmu 

an<l will ihoroforo Tt(»i aHHint ihr hnriiin^^‘4 iintihifiMH in th*' ru lO *4 
aroinijf. On f.lio othrr hainh a luarliiit** whirh iHr»Mt|r*lh\ hwlr**/*!* 
tnuni ho inially (‘nclfwnil liy n t*T 

a nuxtnro (if hy<!ro^^<‘n anti air in hij^hly i‘\|»|iwivf\ .\ liy*irM|^^iai 
conlod Hyiu^hnniotiH cniKhaiHiM* f/.r. au laia’ ovritipi n iirhrM!iriii*< 
nintnr tiHod Hnhily for P,R cnma'linin Jj llJn. V<#l. I) iimhillioi hii fh#* 
Now Hnj^^land Powor Oniiij)aiiy*H Hyntiaii iif Pawiiirki*!, K I., rai*o{ 
at 12 500 kVA; if air-ninlril itn ntjiarily wnti!*! U* ICI CMMI kV.\ 
^riin Trlifthilifi/ of nloatw Jiaiteirn in axtriinriliiiarily aini, 
provided tliat iha (*(aiilitioim of H<'r\*ir(» ara wlitni llm 

machine in nnliiml, and thai tho inntnr In j»r<f|M'rly tiiHlalhn! wllh 
tlui umxal protoetiva faataroH (| 74H), it ia jiriaif ai^aiiiai aliatmi m'l’iy 
continironcy— feo a far Krciatar axtarit, ki iimhiI inataitara* lhati tlio 
uiacluna which it drivea. 

In «fco©l works, mototu of from 1 to 150 H*P, nin slicait a fICX) hmtw imiuim 
(compared with, say, 8 000 houn per annum in otlmr inrhsiilriw*| driving anvdmiv 
aquipmant of all desorlpfclona nndar conditlonH oi mmdmnhml mIkx'K, tumf itud dirl 
which are probably more aevora than fchom* In any tdhcr ii«rv|pf*. Yet, a<’rf*r»hiig lo 
records oovaring a long period (Om, KL Hfiv.t Voi, HI* p. taifO Ift** arnialur*! e«ili df 
modsm TOill-typo moiors last 7 io B years* iH^arings over HI year**, and mm%m^Uk%om 
over 20 yoam. In easier service longer lift* could fdttatm*fl from ilwm nittlori or, 
albematively, a lighter oonshucfcion could hi! employed for «w|usl lifn, 

Th© cost of a tnotor dtipondn lar^idj nn tho spood at wdiirh it jh 
rloBignod to work; for a ^ivou H.IhP, of output the mm of tlio 
motor carcaHo decroascB an the arniataro Hpnod hi Ih© 

case of D,C. motora the raiif^o of Hpoiid olitHiuahln in vi^ry i^rniit, $0 
will be Been from the tables in later imra^o^aploi : with Mynchronoiw 
and induction matora the limits of apeed imwh liwiila«lte, » 
the revolutions per minute depend to a greater cir l€»« extant on 
the supply frequency or number of cycles per second. 
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CharEcteristic Curves of Motors. — The capabilities of 
Efty ilwtrif iii(»tor may ho coiiveixieiitly* represented by a set of 
•cfcimrtorrntic tnirvcs * whicli usually sliow the torque, curi’ent 
r<>j4**umptinu, Hjiof*d, offioiene.y and power factor (A.C. only) of the 
iimcliine at vnrioiiH (mtpnis, tho latter being expressed in B.H.P. 
KimiitiiiioH ilm <mrv(»H are ]>lottod tea base line of current consump- 
titiii (iliin is uHtuil traction motors are concerned) or to a 

Hi’iili* MlHi\viu|f tlu^ fractions of full-load output ; in either of these 
nmm a curve showing the B. H.P. output should be added. Where 
Inicliofi luofcors arc eonccnuMl a curve of tractive effort is often 
^iilirlitiitcd for the tonino curve, thus taking account of the gearing, 
if «iy, hidwcfui th(^ motor an<l tlio driving wheels. 

rtiaracicriHiic cnrvoH for all tho principal typos Vf "’electric 



Fm> Mt*—* Typloftil alHdonoy curves for D.O. motors rated at 20 H.P., 1000 r.p.m, 

(sc<J also Fig. 24:6). 


mofcfffH art! givfu in the paragraphs respectively devoted to each. 
Kscft^ptionally iutmn^Hting and instructive comparisons are to be 
ifht aiuiMl, howtwfu*, from the sots of curves in Figs. 246-251 and in 
Fig^. 252-25^ rc,Hp(‘.ctivcly. The curves in 246-251 are replotted 
from h1hm4h kindly pmjmrod by tho General Electric Co., Ltd. 
(Wittoii)* Hpccially for this book. Those curves relate to the 
lirittcipal types <»f 1),(J, and A.C. mot oi’s built by the G.E.O., and 
all refar to machines rated at 20 H.P., 1 000 r.p.in. (approx.), to 
facilitate comparisons. It should be noted, however, that the pre- 
cise form of the charactcwistic curves can be modified to meet 
piiiiiicular r(*<pur(Mn(uiis and, in each case, the efficiency and power 
factor cur viw do not necessarily represent the best results attainable 
but are given for general guidance. 
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armature increases with load (§ 669). In such cases differential 
compounding (§ 677) is necessary if constant speed is to be main- 
tained at all loads.* In large motors, however, the increased 
armature reaction at heavy loads may weaken the shunt field to 
*§!ach an extent that the motor speed has to increase, even to 
fenerate the lower hack-E.M.F. required to permit the How of 
the heavier armature current; a certain amount of ownulative 



•His. 257. — Typical characfcoristiics of D.O. shunt motor. Bated output 120 H.P., 
1 000 r.p.m. {see also Pigs. 246, 249). 

compounding (§ (577) is then needed to maintain constaift speed at 
all loads. 

The speed of any shunt (or compound) wound D.O. motor tends 
to increase appreciably as the machine ^ heats up * in service. This 
is due to the decrease in shunt field current as tlie resistance of the 
windings increases with their temperature (§ 61, Vol. 1). In 

. ‘ An alternative method, applicable only to mn-remrsing mterpole motors^ is 
to- displace the brushes baokvrards, against the direction of rotation of the armature. 
TMs causes a belt , of armature conductors (occupying twice the angle of brush 
displacement on each side of the armature in a 2-pole machine) to exert a directly 
demagnetising effect on the main field. The demagnetising effect inoreases with 
4^e load on the machine and, by selecting the appropriate brush displacement, it 
slU^n be arranged that the speed of the motor is practically constant at all loads, the 
demagnetising effect of the armature compensating for the decrease in speed 
»bt|ierwise produced by the increase in armature XB drop. 

YOL, III. 33 
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$ 67 $ KLKCTHH'AL HNCilNKKIII \(i rUAr'llrH 

applit'ai i< Mi‘4, im, fur iAHiuj4*\ thi^ tirivin;' iHHfhiii<»rv 

HpiM'iiil att4»iitiiai munt fw* iiHi*! tM th** in tin* rfuiswi 

Ity i»nuiH‘riittin' variiitinnH. I'ln* i%.tn. tti’ rinirni*, In* a^ljual^f 

pnrindi^’HlIy hy iHtnuiH <if a niMi llitM cm 

Iniriily !»• av<»i«lfNi in tin* mJ a \ari4l4#* Hp»nMi Hlnnji nniitu 

whH‘h, lii Hh in iirsM'vnirilt wi»rkuig 

tin tin* Hinnp part of itn nmoin'ti'<nti«»n inirvr •, ^ Hf, \'«4 I , nh Umi 
a Hinall nhaiioo in tirhl ourront prn‘hi*M-»n ri»n‘4i»l»n'al‘l«‘ vnriiilinn in 
iiol<l atronij^tli ami artniduro Hpf’iol, In liu- vim** «*f rMn'»t,'iiii 
imiohiiio.M, h(nv<*vt*r, tin* liolil My'»t»nn ma\ Im- u«trkr.l nrar iiwi^iifljn 

Hattirniioin f.*\ hnyfin*! iho ‘kin*«** of ih** i»»n mirvfi 

( Fi^. I2,§HI, Vol. I j; a Hittall rltanpMn «’nrr»iil , Htirh an 

nauHt^d hy hnatin^^ of tin* wind tlii*n in ii»» 

variation of Hpond. 

ddioujijj'h tin* Hpond td’ tin* slmnl wotmil Iff* lootiir i** prarfcimlly 
indopnndt*ni tjf load an Inno an tin* li**id Htrriiotli ih ronniant* it mri 

vari(‘d ovnr a ranon of fi: I hy tin* rhaii^diii^ *4 rru j^iti nf tln*tinld 
(‘urnnit, Snrh ii wddo rauj^i* »if <n»nlrol in only iin*«**lod in H|iri*iu! 
(*aH(^H and, if rmpnrod, it nniMt !»’ Hpi*i*itii*d w!o*n ftm nit»l<ir ta ord»*ri*d, 
MO tluit ilio nuu'hinp niay ho dom^iOMl {t» pniinit tin" n^^niiaito viiriatinn 
of Hold (w«*v’ itfm) |7l7j. Halving tin* tiidd tlnx tin* tofipii 

dovnlopod p{*r aiupnrn of armainro nurmiit, lail, tlm arniator** *»] 
htdn^ douldi*d, tho IFF. (projuirtioiml l«i torqiio n Mjinml) mma 
conafeani; in oilior wonln, tli« ahiint nitikir ibvisliijiH mmHui fiP. 
for ^ivnn annatnrn curnint m loii^ a« tlin Mpiwl in rontrollmny 
variation of tkdd. 

For any particular hnul tlm arniaiun* Ima im prartmally Ihe 
Hame at all npooclH. Friction Iohh incnowcM in prtiporttoii 
Hpend, and windage wdth the Htpinrc of the Hpred, Kddyciirfcni 
ainl liyHterdHiH lomw in the iron are litglmr at liighor Mpeod*^, hut 
the loHB in tlie tiehl wIndingM domwea an tin* m riiw**! hy 

decreaMing th«^ fi(d<l enrrent. On the wholt% tln^ himnw iiri" grciitcir 
at the higher Mpof^h ho that the idlkdoticy of a varialitn ajn^nd 
ahtint motor may he 2 or d per cent, lower on fulldtwd at maximum 
Mpeed than on fnIFload at minimum apiastl; ami the <til!eretice 
greater at fractional IoiuIh (sen Fig* 258). 

MotorH of tmduly low or extra high Hptmd are aliko more ^tly 
than thoMo of niedixnn HpeacI, the Iaw*H|iee<l mtitorw !»!»§ dear 
hecauBe of their extra sijse and weighty and the lugli-apeed machiiiei 
hecaxiBe of the mechanical conatraction rtM|tnr©d to wllh«tand high* 
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speed rotation. Typical ranges of horse-power and speed for 
industrial D.C. shunt motors are given in Table 115. For special 



''0 Z 4 6 a 10 12 n 16 Id 20 22 24 26 

Jionse- power 

Fig. 258. Typical speed and efdoioncy curves of 25 H.P., 230 V D.C. shunt 

motor at different speeds (obtained by field control). 


applications, such as centrifugal pumps, fans and similar machines, 
shunt luotora can be built for speeds up to 3 OQO or even 5 000 r.p.m. 
in medium and large sizes. 

The direction of rotation of a shunt-wound D.C. motor may be 
reversed by reversing either the armature current or the field 
current (not both). The simplest method is to interchange the 
terminal connections of the shunt field circuit ; also the series turns 
on the main poles where those are provided for steadying purposes 
in shunt motors of wide speed range. If tlie connections to the 


armature (i,e, to the 
brushes) be reversed, the 
terminal connections of 
the interpoles (if any) 
must also be reversed. 

Shunt motors should 
not be coupled mechani- 
cally in parallel because 
a very slight difference 
between their inherently 
flat speed-load curves 



Horse'^ppwer 

Fig. 259. — Unequal dmsion of load between D.C. 
shunt- wound motors coupled meobanioally. 


results in a serious inequality between the loads on the two 


machines. Thus, in Fig. 259, machines A and B when running 
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Tab»-k115. Apimirhiiiitf Ihifu /hr In' Shunt 

Th«i« imrtirularH arn nn i>jnrii} Htfn««liu'4 In tJir 

Kl^^ntrir Cf>., Lift, 11ti* M.rrmi*. na 4?ift.ifi»a 

and 440 Y, but a nui^diiui* %v«»uiul fur V »un\ !.»» .uifpl!* *| n* 'jiu .no v 
A 440 Y inator at. 4f)U-4HC) V| with »uily n Rh?,a»? u * 

B.HJ*. o«t|«Jifc vAriw in diriH^t |»n»|H»rn‘Ui Im jfin.ifs.-n.a i^^jay 0. »n 

and UiftHlWHl ¥arhiH anpraxiiimri U tn in Uir f, » tihnv 

«tanr!ar<l, ami 0 * 5 ' 7 m ^ vMhrti^o h»a.'tt ntsM.a'U f. Tut- 

«tAfc4id ara thn luaan RpamlH at. full l»*Ad. n^iK’bing th^ f|i>Al u mi-* ia^nm *if tht» 
wiMthlnn. ihnmmllyt in V Mi \m in ulmn* siipton lui 

(S)"/,, iimmiwii iti lafK^’r iniw4ti»ia»»|, h% u»m ,.f » nh^n it- M 
In umiin uawi'U* an nhown hv tliM 'raMn, thn iiiamnnsfit ip. ^4 t ■ "ftiin ^ 

parti<*ular fraiiu' nisnu iiujHiHf'H a 1 mw<t ranga <4 nnian, i. ii % lAfguy 

of Hpo<yl in ri^piirml (up to 'i nr 0 tiiiuiH nnrmal hill J-^a , -AoiMniiAl woiiitd 

inaiors Hhoukl bt't nMuil ; y**t widiir variation «4 t'»n b*- la.iainrd it ^|•*w•ia)Iy 

rminirntl. f t >t pip^hv^nt mti((*r$^ tnv tiw niminU f.-r |»n»t«.ri*vt 
anniwwl vaniilatad niotfw by *7^.* rmltma thr *.iii|fuit hi iu . ^ inf mA'hnw 
tabiilatnd up ta 15 H.P. int4uiiivi% and by 5 ■/„ for 'a»i ajhI Mt H.l*. iiiiii4tin«^„. 
AIkiwBO U.r., thd ouipuU aro aw hlatml (or piiw^ unf-a.iO 4 hoi ||)§ mumU 

ani ft 7 rt iiigbar than for prtiii'atfwi and mu hnr l w t .*-. '4 *• 1 }Uiiohinn.->, 
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ELECTRIC MOTORS § 675 

Tabus 115 (cwit.y 


Protected and Screen-Protected 
(■Enclosed Ventilated) Types. 


T 

rotally Enclosed Type. 


& Revs, per Minute. 


Motor 

Prox.). 


Revs. 

per Minute. 


' s' 

tu 

i 

W 220 V. 

440 V. 

Max. by 
Shunt Field 
Regulator. 

Efficiency 

%. 

Net Weight of 
and Pulley {Ap] 
Lb. 

220 V. 

440 V. 

'C5 . 

^11 

Hi 

.cicS 

EfBoienoy 

%• 

S p 

c>pu 

■S'g 

7A 1 600 

1600 

1 600 

87J 

314 


,1 260 

1 260 

1250 

84 

812 

1 000 

1000 

1 600 

81 

616 








— 



700 

700 

1060 

80 

764 

04 

— 

— 

— 

— 

' 

660 

560 

826 

79 

812 

W ' 







— 



4:60 

450 

676 

78J 

1 077 

t> 

480 

480 

600 

84 

1624 

270 

270 

405 

78^ 

1 G24 


— 

— 



— 



200 

220 

330 

75 

2 240 


\ 

— 

— 

— 

— 

10 1 350 

1 350 

1 600 

83 

616 


1 100 

1 100 

1 200 

86 

1400 

640 

540 

810 

8 I 4 

1 077 


720 

720 

1 080 

87 

1624 

440 

440 

660 

81 

1 400 


510 

400 

610 

400 

765 

600 

86 

86 

2 240 

3 024 

250 

260 

375 

774 

2 240 








— 



190 

190 

285 

76 

8 920 


— 

— 


— 

— 

15 1 500 

1 500 

1600 

864 

764 





_ 


1 200 

1 200 

1200 

86 

812 












820 

820 

1 230 

85 

1 077 

04 

860 

850 

1 100 

m 

2 240 

630 

030 

945 

84 

1 400 










425 

426 

637 

844 

1 624 

IS 

— 

— 







230 

280 

346 

8 O 4 

3 920 











166 

166 

247 

78 

4 592 


‘ — 

— 

— 

— 

— 

20 — 

930 

1 250 

8G 

1077 







800 

1 800 

1 200 

80 

1400 




— . 






640 

640 

810 

864 

1 624 


600 

600 

900 

89 

3 024 

470 

470 

706 

834 

2 240 








280 

280 

420 

824 

3 920 


370 

370 

666 

89 

4 592 

200 

200 

300 

82 

4 692 












170 

170 

255 

8 O 4 

6 824 


— 

— 

— 

^ — 

— 

30 726 

725 

1 087 

874 

1624 







600 

500 

760 

864 

3 024 


650 

650 

826 

91 

4 692 

360 

860 

626 

844 

3 920 


420 

420 

• 680 

90 

5 824 

275 

276 

412 

844 

4 592 



— 


... 

— ’ 

I 170 

185 

277 

8S| 

6 720 



^ 1 

— 

— , 

— 
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KI.FXn'RIC MOTORS 


^ 7 ^ 

by altering tlie voltage. a])i»lio<l to tlu^ aruiabiro, the field strength 
being kept couHtant by He])arate oKoitation ; (!^) the tonpie varieH 
inversely with the Hpetid hikI the H.P. in eoimtant, wlien the .speed 
IB varied by alti'.ring tlio fudd, and tlie voltage applied to the 
armature is (*.onHtant. About 25 ‘7^^ variation in speed can be 
obtained by field control in an ordinary shnut nukor not dcBigned 
special 1}^ for .sptuMl variation; an<l up to 5 or (> ; 1 .spec^l range can 
be obtained by Ibdd variation if commutating poles are uned and 
thi^ liej<l Hy.steni is designed to suit tlu^ wide range of Held current 
then required. 

Shunt-wound motors are particularly suitable for loads such as 
lineshafts, lathes, milling machines, coTiveyors, fan.s, etc., which have 
to be driven at constant sp(H*d regardless of thtj load until such 
time as the speiid is changed deliberately to a different setting. A 
shunt motor whkdi normally (hives a belt or chain coaiv’-eyor can be 
used to limit the Hj)ee<l by regenerative braking when a (le.scending 
Iqad drives the <u)uveyor. 

Shunt-wound motors are not inhei-ently suitable for use with 
flywheels ; and they shoxiU not be used for very fluctuating loads 
because, in attempting to maintain constant speed, they take a 
heavy current during the perio<lH of peak load. Wliere abnormally 
heavy torque may be rt^(piired, series- or compound-wound motors 
are to be preferred if a (lecrease in speed with increasing load is 
permissibhj. 

The startingand contrtd of .shunt motors are discussed in § 7l7. 

676. Series- Wound D.C Motors.™ As implied by the name 
of the machine, the Held winding of a serie.s-wound motor is con- 
nected in series with tlie armature and carries tlie same current as 
the latter unleB.s part of the current is diverted through a resist- 
ance in parallel with the Held winding for tlie purpose of .speed 
control (§ 718). The Held wimling consists of relatively few turns 
of heavy wire, and the Held current is equal or proportional to the 
armature current, as the case .may be. The excitation of the 
Tnachine therefore increases with the load and reduces the speed of 
the machine ; conversely, the .speed rises as the load decrease.s and 
becomes dangerouHly high on no-load because the armature current 
is then very small (necessitating a back-E.M.F. practically equal to 
the supply voltage) and tlie field is very weak, so that a very high 
speed is needed to generate the requisite back-E.M.F. For this 
reason a D.C. series motor should never be used where the load 
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iiiay »»r wlirr*' if may nf 

a ilriviii^ Ih'II m* 

At ihi» muuii'iii iff HturHii)**. H ht*avy rtirrrjtt lltmn liir»*u«j;!i lltn 
ariUHtun* ami ti«*lii <>t a lk<’ m'rn’H limic»'4 Muly by 

ihi* valui* of tin* jihm th** ni^'m.ill) \«*ry tnw 

iff flM* th»auHt»U «’**. • TIh* ariiiiitttrn 

inirnait, with iIm* Imxsy tli»* liri.f. in 

a Vi‘rv puwi'rtui Htnrtia^ ti»rf|tai». Ah tli»» nni-n fijn |y|^|in^ 

fallH {m*(* Uni it in I'viiimjt that a >lai4y'rMiiH|\ tiigti 

h»' r*’af*hf»«| k^ftirn 



Fio. 200,- "IVjfioai iorijiu' .•Jixvd aiitl run# u? 

iuirvim for I >a], miHit* wtouol iiM*ioir. 


(Iii^ fiilln im iimi 

riHiuirini tM nui ily« 
mntnr *»ii ii*»4uinl, 
i»ii light lim<l 
uoiy U* |ir«’VifnlfHl hj 
ii jifiir i»C *ihiirt“4’iriniil«l 
liru^ihi’^ 1*11 nil nxiH 

|M'rjnMi»iifnlar i«i that 
lif tilt* inniii hriiHlii'H; 
ih*'* in tfi prn- 

iliiiaMi ti*44 aifling tliiit 
Ilf lha ti*4.i wimlillf 
HI a I with 

ilia iirtiiiit.iira Uphill mx 
iiiat iliti ni*r«'HHun 
Imrk^K. M.F. m g»‘Uor 
ataii willimit pxri^twivn 


rin» Ilf i*jifH**h 

If this llnlfl Htraugth warn alwnyn |ir«i|i€irli<*afil i«i Ilia 
currefit* 4.^, if tlusra wart* no magiittUa Hmiiiriiliotn iornut 
vary with tlus W|uaro of tlm ariaatiirn riirrniit aial npj»ra*iiiiJit«'ly 
inverHely with tho Hi|uara of the ariimturo iH|i«inl ; tti# wuiiUl 
than vary nearly invaraaly with tlio mrrmt fch*^ tlrhl 

Btrengiih teiuln to became conutaiife an the mtrrsnl litcreaiww, owing 


to magnetic Haturation, hnneo tha tartine approtu^mw iliract 
portionality to tha currant on heavy !oa<lii. At tiWKlhiin loiitli 

* Small s©rl6i.wott«d fan moto» hava a rtlalivaly lilglt w«btaiw« 
8witob©d strsighfe on to iha Hupply, 
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Ah compitn.** Miuurn- 

tion of ^***^^*® 

HyHteiu in apprutU'luiii. 
tlu^ cluimcipriMtkiM {»f 
tlu^ niiu’hino roHHiuljIt* 
oi til HllUUt“ 
vrouiul iiiotor, i.a, tho 
ijHH^d tends to beconio 
soiistant but at a very 
imch lowtir vahit^ 
ihan the npeed on 
ne<liuiu load 

'^I’ypical eharae- 
lerwtic ctirv(iH for a 
[).0. HerioH motor 
'ated at 20 H.P., 
L 000 r.p.in., are 
jiven in Fig. 25$ 1 to 

i haHo of horse-po*wer. 
rhe oharaoteristic 
surves of series 
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thi‘ inotHr.H nr*' iH<Th;uii>’nll\ irt v Im run 4f »l}flrri>ij! -ii.rr.l*. f|y, 
In'twri’ii /#| ^nnl n ih ‘*im 4I1 t'‘r fit* ^AUir < tirr»ii| 
ill t»ju*h miu'ium* \ rf, Fi‘^^ 'J.VJi 

i>(ii fHHUirff of Vhti noit' nf*f o mi </ fn*#* •. I’hi' 

Ht‘ri«*H-\vntiu<l iiiittnr in n vainiujLT ‘^(♦<*•-‘1 iu.t«'hni»' It .iinrlup^ 
Hiariiii**^ tnr(|Un, nji<l tlm .m|ii»i‘»| un rr'«*'ii }M.i»i *rj|i*< 

iiuit.nr 18 tht‘rnfui’t» |turtiru!nrlv nuitaM** t^r .if**! liiMi|}|^#n 

) >tir|>n.sr8, fur rnir.uH iiitil uthrr irt*, ,nt*i fur wtirh 

|iur|)()8*‘s jtH iiinN'in*^ liuiU'V hIiiIus. ur rjif’* lu lu 4* Inn*' t««»h, 

Staihlt* juljuMtmt'iif of sjiunl srtfin^ r* **hiI 4*' Uni 

l(«nl IH variubln* himI thr Hrrit*H*\votiiMi itntfbui*' uuihI !«• tHr«| 

wUrrc* thu l<nnl ran 1»«* ruuatvu*! i»r r*niit«’*’'i !•* a 1* h tiiili'mjui 

autoiuatir drviru 1.8 iiNutl fti liiiti! tin* ut flu* niiii ltiin* »»r 

ilu* ciivnit wlirii a jirtMirturmini**! in att un***! rh*'- {iitiiitinitif 

vnriaiinii nf h{m 881 with Ina«l uiiHliiuH tnluintH;'*' fn tak*ai nf tly» 
whai*l hut, nn tin* nthn* lmu»ljh*’ nr»’.Hi»u»«’ >4' ihr tlywliwl 

ItuulH tn rnhun^ iht'HjHu'd variatioun, Wln^ru, m m UHUiilly lli** «'««»«, 
tlus inottir lian to hu iVt*<|urntlY Mtarif»t aii*l nu»|»|Hul. ii tlywlnn*! 
nUnuld not Im* ii wuuhl invrvUH^^ ih** t4ik«*ii iltirittj 4 

amtlt'ratitni hjhI ihtMaiurj^jfy Htnrml in th** t!y%\hi’»4 '4\uul*j Imvi* in 
h** at rnrli 8tn{t. Sninll hum am Milf*ii «h}\» n h)' 

uiniurH, tlii' rapitl iuurrnHu in jaavur al'^«»rU*«l im th»* h|..-.‘ 4 
(I 704) pnnnaitlnjLij any tlaUit 4 ;nrou 8 rin*inj^; li m ♦•n a liiiiJ^f 
•thin tyjHi ilmi tins IhCn arrh^ niutnr nui aiifuly \n* 

A m^riuH motor hIiouIiI not um*i| w“ith a l«4t *tri\** or 
a rnnvuyor holt or t’hnin Um'huhi' hn^ukaj^** nf I In* «*r rhiuu 
wnulil jmnnit ilu^ motor to ram. Ah loii;j im ||ii» inii^n*4ir rirriiii 
Ih unHaturutod tlm II. I\ nf tlio moHi’h ninlor vitrion nraiiy iii%'or«rly 
with tlu^ MjMHMl, hikI tim tori|uo varii*^ imarly will* I / (HjiomI/, .4 
'him ntartini.^ ami rniitrot of HoriuM inotom am in |7W', 

67% CompO'Und -Wound D*C Motors. Ilm ili*hl 
of a cmnnKHimh wound nmttir am iwiiatl hy Iwai wiit*lir»ir», »»n»‘ 
Hhunt wimlin^^ ij\ a hiifh-romHtanco wimiiu^ nf iiiiiiiy liiruH mn- 
iiBCtad in parallel with tho torminnla i>f ilm iiiafliiiii% lli«^ oilior a 
HurieH winding, ij\ a low-reHiataum wdndin^ «»f r«»w iurtia «*tiiin«ctmt 
in Hariea with tlm armaturo. Acc<»r<Iino to tho riiiict b^wwti tl^ 
ampera-turna of tim ahuut ainl Hurirw rtidd wdniHn^. and arronlihl^: 
to whether the aeriaH wintliu|^ tMwinta the Hhunt wtinliiii^ 
laPim compounding) or opixmeH the Hhutii wiiuliug 
oompounding) the eharac^termtieH t*f the coiiifajuiHl inohfr vary 
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r»*vrr*^.il nf tin* Hi-n*'-* ut i 

ht* t'ii (H li/tft H'l fif ti uiH iu.ik»' { Im* uytrlii^ 

flillVnnitinlly «'« !•« th»* i| 

tht^ Hinnw juul Hhiiiit du’ ♦.!’ th.- lum'Uui*' uill rl^ 

with inrri'ashifj: hm*! tu a ih** '^f r« -li;.;*'!' f|i»' 

With a puwt'rfii! hvv'wh nt itir-.n'rri 
motor may fail itj Mtaii Htartiii|^ hii^ti 

whoro a honvily cumpuuutioil iu(»titr in H«4i‘rl**>h «»»• it iNoy fi|«rt itta! 
nm t.oiujHtrarily in tin* wrnu|jj Im uio-u ifnt 

HtiiriH im<l imuH HatiMtartiiriiy 'nit th»’ ti?c- 

ritatiun will pnihahly rauHo wnihhai an4 nm-riv 

whan tla^ haul m a]>pli«*»l. 

IViinHietii phrfunHriut ♦iu«* tu fraii'*fMriii»o* artnoi l»«4woon llu* 
mmm autl Hhuui finltl uf |){* »*ii i »r»«aiiiiji€iiiinl 

umturn Honu^iiimiH atfort iho |H»rf‘n'niiinoi« mC tlir iimdiliir 

qtiito appr4^cnaijly, Tlu** rnali uf rni’mit thrMtt|»li tho Sdtl 

<uu1h at thn iiHammt of Ktiirtin*^ it I wk K M .F in Ih*' Hhmit 

fid<l c<h1h on thn hhiuo jh»1i»h atal to flio rantil uf this 

and tlm rtdaiivrly hi|^li immlH»r of tiirin in tho Mhiml cttilH. tin* 
indiwwl Ijark-K.M.K w iimially hi;Lrhin* tluin tin* applif^d fiirwartl* 
K.^f.P. A rovor.Mo (nirrmit thori+furo tlu\v*i tonn»i»riirily in tin* ^^hutit 
fkdtl dnuiii, vvitli thn roHuli that tln^ nlomt lldil ujijw*-**-* th*' 

Hidd and tlu^ Htartini^ iim|nr in U^m ihim it wonilil with 
eoitn alonn in action. Within a nlmri tiimn itutimlly 4 ***'*’♦ 
from tho Htart, the Hlmnt field current cuiiiiniineiw Ut flaw* m tlm 
proper <lir<H*tion, the almut inrim then tlwi aariw iiirna 

but at the actual uiinucnt of swUchino oit the nintnr tin* niatiifig 
torque may he t>nly 50 ‘7, of what it would lw» in tltiMilrtmice nf Iht 
Hlmnt eoiln, UwiiiK the iraiiHieiit iiaiure »»f tli«» ilitl»i«p|^li^ 
action, the phimomenon in only of priii!tical imj«»rtiiiief' wl«si the 
motor low to ho ntartad very fre(|ueiitiy iind it m doain^l to real we 
tlio hi^ifheHt poHHilde atarting torque, hut ihn find that the aetiun 
oceura alumhl be lionie in iiiiinl* 

The tranaient action in a di^crr«/io//i/*ct impound iiiokir ta of 
l^reater practical impurtaiiee. tlim caw*», tlm miriiw ftelil tipiMWii| 
the almnt field and, m tlie forinar Iniildii up inorn rapidly, iltit itiol^ 
may atart in the reverae direction. The iiiihicdive aittiori 

♦ Bxperimtiatal elate and mtthcdii for radtieitig th« of tlili 
ar© given by L». E. tudwig, Imr. Amm\ LBM* Vtil 47, p. aW. 
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the HorioH and Hlnint ihdd winding tmidH tn rednee tlip iipi^ative 
atartin^^ torque, Imt the- latter exiats tintil the Hluiiit fiohi has over- 
come that due to the. aerioH field coik 

(U>n^)(nmiied J/o/ors. If a alrunt 
motor is coiopouiuIiMl in ortler to obtain a level or ViTj ali^ditly 
droo])in^^ .speed-load eliaraetorlstie. and is, at the same time, t(» he 
usc<l an an adjustable-speed motor, provisioii nm.st be nia<h* for 
varyni^^ the amount of stuntss excutation to suit tlie shunt excitation 
iii nH<mit any moment. This may )»e dom^ hy ‘<livortor’ control, 
i,r. by switcliing suitable resiHtaIH’J^s in or <mt of parallel with the 
serioH field winding, but a mort' jUMuirate. and flexihlo method con- 
Hints in separately exciting the. series fiehl from a hseries exciter d 
The latter is ati auxiliary p^e,mn*ator (^xcihel hy tlu^ armature cur- 
rent of tlio compound motor. A variable rheostat in series with 
th(‘. (exciter adjusts tln^ stvnhis excitation of the main motor and, hy 
cou])ling the shunt fiehl rheostat mechanically to the rheostat in 
the series field e.mmit, the two fields are a<ljustod autoinatically to 
maintain propiu* compounding at each setting of the speech This 
system is usiul extensively to secure close speed regulation in D.O, 
motoi’s driving, tandem rolling mills, ^ and Table 116 shows the 
almoHt constant speed thus obtained from no-load to double-load in 
the case of a 2 500 H,P., 160 / 320 r.p.m., 600 Y motor. 

Summary of Oharaoieriatica and Ajtplications. — The charac- 
Jteristics of the Gumulatively-oompourided motor are intermediate 
between those of the shunt and series motor both as regards starting 
torque and as regards speed-drop on load. The motor does not 
race on light load. Its speed-drop on increasing load increases 
with the proportion of the excitation provided by the series field 
winding; the variation of speed with load is easily made suflScient 
to (enable a flywheel to be used to advantage. Generally, the speed 
variation of this type of motor does not exceed 2Q 7o- The speed 
at any particular load can be regulated by means of a rheostat in 
the shunt field circuit ; and, by cutting out the series field winding, 
the motor becomes a plain shunt-wound machine. When used 
with a flywheel, the cumulatively-compounded motor is suitable for 
driving planers, punches, shears, guillotines and other heavy 
machines subjected to intermittent peak loads. It is also suitable 


* See ‘The Drive of Tandem Bolling Mills,’ A. F. Kenyon, J’our. Amer.X.E.M. 
VoL p. 446. 
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fol* «lriviii|^ rollinij^ iuiHn, . nitli or 

wiilioui mi|>]>l«nutoitiU\v {Ivwhoi*! I'lltrl. Fi»r rulli«i|4' oiill iiol utiiiiJiir 

gorvicc^H, ruuntlatavo (H»mjHnuHi’'Wuuii*l iHut«ir^ nr^ nooi*' m niiifii ti{i' 
to 20 (MH) H.P. or ovor, for tn 2 to :i ihhi \\ JUl 

coin])()tnol motorn an* Homotinu^ uhim! to ilrivo riiiiv»’\ ; th«*ir 
hi[^h Htartiiif^ torqno in a vahiahlo foatun*. Imt if tin* roitu‘\»n* in 
HoioafcimoH drivtsu Ivy a diwondiiijLT loa«t thoro in n rink of nviiiK, 
(hio to tho rcmvmil of tlio tiold wonktioiiiiLf Ilio rontiltaiil Hwlil 
of tlio maeliiiu^ 

In tlio dlffrrrnfjtilh/^futffipi^u nJf'i! iHotor. tin* ftitirliiiri ©f Ifio 
HttrieH fiold in to roihioo tlio roaiiltmi! o\rilalioit of tho 

triotor an thcv load incroanoHaiid fcliiw roiiiiM»iiMiit.o for iho ili»roa>«o of 
ftpoeid which would occur in a nuvtor nxcitod by it «liitiil fbdd wind- 
ing alone. Thin type of motor ia uned whero e«itiwtfiiii Mpmal in 
required over a wide range of loada. Tli*^ miritw ixitm 

when carrying the starting currant naturally rwltifii the aiitilug’' 
torque to a value much Mow that which woubt las prothiced by #ie 
shunt field alone. In sotne inHta!ie<?a, the serim fielil builds up 
much more rapidly than the shunt field that the iiiofccir starte !n the 
reverse direction, and is then stopped anrl ra-sfcarted in the proper 

46 



l^'.LKCrnilC MOTORS 


§ 678 

direction an tlie nlnint H(d<l coinoH into action; if this occnrH, there 
is severe nieclumical shock an<l a heavy ni^h of current at the 
moment oi: revc-rsal. Starting in the correct direction and with 
high torque may he's socnu'od hy temporarily reversing the series 
held winding, so tliat the machine starts and accelerates as a cumu- 
latively-compounded motor. 

A coHipouml taotor may ht^ reversed by reversing the direction 
of cTirrc^iit ilow tlirough the armature and interpoles, if any, but 
not through tlu.’s series field coils. If reversal be effected hy re- 
versing the shunt field coils, the series field coils must also be 
reversed, to maintain the correct rtdation between the shunt and 
series holds. 

The starting ami control of compoutul motors arc discussed in 
§ 720. 

678. Constant-Current DX. Motors. — Tlumgh the constant- 
current D.O. system of electricity supply involves considerable 
difficulties wliorc very high voltages are us(m1 for tlio long-distance 
transriiission of energy (§ 817, Vol. 1), it offers important ad- 
vantages at low and medium voltages where a num})or of motors 
close together have to be operated at widely varying loads and 
speeds, as in the case of cargo-handling and other auxiliaries on 
shipboard. For such purposes, a constant-current equipment has 
been developed by Gilbert Austin, Ltd. A special constant-cxirrent 
dynamo is re(piire<i. This is driven by an ordinary motor supplied 
from constant-voltage mains, and it maintams a constant current 
in a permanently closed series circuit through all the motors in 
service. A motor is switched ‘off*' by short-circuiting it, the 
constant current still continuing to how through the distributing 
cable and any other motors which are still working. When all the 
motors are ^ off,' tbe dynamo is short-circuited through the cable 
alone, and its E.M.F. is automatically redxiced to the low value 
required to maintain the constant current under these conditions. 
As each motor is switched ^on,' by opening the short-circuiting 
switch across its terminals, the dyaamo voltage is automatically 
increased by the amount of the back-E.M.F. of that motor plus the 
IB, drop in its circuit. Obviously, no circuit-breaker or fuse is 
required as overload protection for a constant-current motor. If 
the motor be stalled by overload, its back-E.M.F, falls to zero; the 
dynamo voltage is correspondingly reduced by the action of its 
exciter and the constant current is maintained. The motor there- 
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fore continues to exert its full toi'(}ue and ‘ iis hut the 

power consumption in the motor circuit in only the I-H. Iohh, The 
current through the motor being constaut, tlie HpotMl of the 
machine on light-load is controlled by r(^( hieing thes field eurn^it; 
this is effected automatically by an auxiliary (‘xeiter dynamo direct 
coupled to the motor, the E.M^.F. ot tlu*, i‘.xtnfer opposing th(^ tix- 
citation of the motor held derived from tlu^, main (mseni through a 
regulating resistance. As the. load on the motor increases, the 
speed of the machine decreases; the opposing E.M.K. of the exciter 
dynamo also decreases, owing to the rednction in spt'cd, and t!ie field 
current of the motor therefore increasiis aufematically (apart from 
any adjustment of the controller), resulting in the dcvelopmt‘ni of 
increased torque. As the total load on th(‘. moiors inc.rcas<^s, Uh^ 

J »^enerator voltage rises automatically until a j>rcdei(»riuinefi niaxi- 
Aium is reached; any further increasi’i in the total load, which 
would result in overloading the generator, is enunitunvd liy an auto- 
matic decrease in the current, which has hiUnirto hesen held con- 
stant. It is thus impossible for the gi^nerator t<^ Is* overloa«b‘<b 
The following particulars and Pigs. 2d4, are from a 
description * of the Austin constant-current Hynteni m applied to 
the driving of capstans, winches, pumps, forced-<lraught fans, atc», 
on the P. and 0. liner Viceroy of India. 

Constant-Cwrmi Generators, — In fchiH particular hmtallalltnt tlumi arc fehruc^ 
motor-generator sets, eaoli consisting of a 280 H.P,, 220 V, MK> r.p.rti, motor fli r(u*t, 
coupled to a constant-current generator and its exciter. Knu’h gmmrator in rat(Ml at. 
160 kW and delivers a constant current of 260 A at from 0 to 600 V a<'c<>r<Uug to 
tke load. The connections of the constant-current gene ratt» rare «ho\vn iu l'’ig. 264. 
The generator is an interpole machine, and the dircc^t-coupM exciter varies the 
excitation of the generator so as to maintain constant ourreufc in the main circuit. 
The exciter has two sets of 'windings and two sets of brushoi. Initial axcitaHwft 
obtained from one pair of brushes, under adjustable control !>y nimns of a ifteld 
rheostat. Current for the main excitation of the dynamo is dorivtid from th® other 
set of windings and brushes. The main current of the dynamo through coib. 

on the exciter poles and has a balancing influence on tb® primary ©xoltation. 1'ho 
set is started with the dynamo short-circuited, ie. on no-loiid, and the 
rheostat is adjusted to obtain the correct line current. Moto» can then bo nwitciicd 
into the main circuit.. When the lilain current tends to deorcaH<^ the primary 
excitation predominates in the exciter, and the excitation of the dynamo Hold ia in^ 
creased. Conversely, "when the main current tends to inereoi®, the excitation M 
the dynamo field is reduced until balance is restored, 


■^‘The Austin Gonstant-Ourrent System,’ D. Smeaton Munro, ML Yoh 
104, p. 554, 
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Energy distribution is by a simple series circuit consisting of a 
single-core cable passing from the generator to all tbe motors in series and back to 


Exciter Dynamo 



Main Line 

Fig. 264. — Oonneotions of Austin constant-current generator ana uxoitei* ; for the 
supply of constant-current D.O. motors Fig. 265) . 

tbe generator. For ship service ‘ Osmotite ’ cable is recommended ; tire primary 
insulation is lead sheathed and a layer of secondary insulation, proof against 
moisture and salt spray, is interposed between the lead sheath and the annouring. 




fuf/ Speed 
Lowermf 


Pig. 265. — Connections of Austin constant-current D.O. motor; off, full-speed 
forward and full-speed reverse. 


Constant-Current Motors . — Each motor has a regulating machine on the same 
shaft. The connections are as shown in. Fig. 265. The field of the main motor is 
connected, in series with the armature of the regulating machine, across the rings 
VOE. III. 49 4 





§679 ELE(T11I<;AL KN(11NKKH1N(; I*UA<‘M'1('K 

of a pofcentiomotor controlUn* an bIuwu. I’Ih* opjMiHfK the 

voltage tapped by tlio (xmtroUer nnd tluiH Hm* spiMHi tin* main motor 

under variable load, aw alimtly (*<xplaim'(l. Maxiinmu is rimrluHi wlum the 

motor is stalled bocauHO the current in t!»* main iimtur armature Imn Htill tiiocon- 
stant value, and the field Ktrongth Ik n<*w a maximum becatwe the n*gulatiug 
armature (being stationary) devoIopH no oppoHing K.M.K m thin rin-int. 

TKougk it in not appart^itly adapiahlo in gfunral iiuhintml 
driving, the conHtant-current Hyntt^in hm ijlivicniH mlvantagcH in 
hoisting, hauling and similar s<u*vi(nw. ^Pho fharac‘ioriHtmH of the 
constant-current 1).0. motor rcHomUlo thost* of a ntt'am engine in 
regard to its ability to op(>irat(^ over tlio full rango of spomls at all 
loads. 

679. Synchronous A.C. Motors. I'ho synchrtanniH A.d. 
motor is essentially a syuehronons alt<‘rnHi<»r rmo^rsed in action, 
i.e. converting electrical into mechanical c^o^g 3 ^ A.r. .supply— 
usually 3“phase, HometimeH 2-]>haHCi lunl randy ! -phase * is hsl to 
the stator windings and procluces a rotating inagindlc hold in the 
case of polyphase machines (])ulHHting in the cum* of Hingle-j^haHe 
macJiines). Tl l e lyitqr . 1 with Hold coiln c?c<*ito<l by D.(J, 

and system is oncte rotating at Hiinie spetKl 

gWfCthe stator field and in correct polarity relation therewith, it is 
magnetically ^locked' with autl curried rouiul liy the rotating 
field of the stator. The motor shaft is then <*apnhh^ ni driving 
any mechanical load which in not Hulficiently ht^avy in break the 
magnetic lock between the stator lield and the rt^hir. If the 
magnetic lock between stator field and rotor is hrtjknn, by cxccssiva 
load torque, failure of D.O. excitation or any other (oiubc, the 
motor ‘pulls out of step’ and stopn.f CUnirly, the syitchronouH 
motor is definitely a constant-speed machine, the Hpmsl in any 
particular case being determined by the numhtu’ of polos and the 
frequency of supply.J If p be the number of pa rrs of polt^s, and 
/ the supply frequency in cycles/sec., the spood in is: 

I N = 60/ / p. Table 117 shows vahies calculated from thin fornmla 

*' Single-phase motors are relatively heavy beoause tlia stator whirling cceupies 
only a small part of the total space available, 

t Except iu the case of the synohrouous-aByncsb ronouH inutor (H 090) which 
can continue to run as an induction motor and may 8ub«queritl y pull back into 
synchronism. 

In ordinary practice, the frequency of supply is constant, but there is bo 
special difficulty in providing for two different numbers of polos, thus securing 
a two-speed synchronous motor (§ 75^2). 
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It will be seen that there is a definite upper limit to the speed of 
the synchronous motor for each frequency of supply, viz. the 
speed corresponding to 1 pair of poles (a two-pole machine). On 
the other hand, by increasing the number of poles, it is easy to 
reach low speeds of running ; this is often an important advantage, 
particularly as the synchronous motor can always be operated at 
unity or leading P.F., whereas the P.F. of the induction motor 
becomes low at low speeds. 

Table 117 . — Speeds of A.G. Synchrono'ws Motors.*^ 


ISTo. of 
Poles. 

No. of 
Pairs of 
Poles. 

Speed, in at Supply Frequency /sec. 

25 Cycles. 

40 Cycles. 

50 Cycles. 

60 Cycles. 

2 

1 

1 500 

2 400 

8 000 

8 GOO 

4 

2 

750 

1 200 

1 500 

1800 

6 

3 

500 

800 

1 000 

1200 

8 ■ 

4 

375 

COO 

750 

900 

10 

6 

300 

480 ‘ 

600 

720 

12 

6 

250 

400 

500 

000 

14 

7 

214-3 

342-9 

428*6 

614-8 

16 

8 

187-5 

300 

375 

450 

18 

9 

166-7 

2CG-T 

383-3 

400 

20 

10 

150 

240 

' 800 

, 

360 


The action of a synchronous motor would be unaffected by 
placing the D.C. magnet system on the stator, and the A.C. wind- 
ings on the rotor, but the other 'arrangement is \isual and ofiers 
the important practical advantage that the A.C. windings when 
stationary on the stator can he connected directly to H.T. supply 
(up to, say, 11 000 V), while the D.C. windings on the rotor can 
be easily supplied at, say, 125 V through slip-rings on the motor 
shaft. The D.C. supply for excitation may be obtained from 
D.C. hus-bars or mains or, with greater reliability, from an exciter 
dynamo direct coupled to, or chain-driven from the motor itself. 
Sometimes self -excitation is provided by means of an auxiliary 
winding and commutator acting as a rotary converter. 


* These are also the ‘ synohronous ^ speeds of mduotion motors with the same 
numbers of poles, the actual speeds being lower by the amount of the ‘ slip ’ (§ 681) 
which is very small on light-load and usually not more than 5 % at full-load (see 
Table 119). 
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P,F. of SynGkronoiis fh«* !).<!. M^\ (mrmit 

ot* a BynchroxiouH motor dot^B luii ilu^ H|H*rd of thr machme, 

but does affect the P.F. of i\ns current takt^n from tlio Ad), mains, 
At any particular load thoin^ in a oortaiu valtn* of tiold current 
wliich causes the motor to opto-ate at unity 1\F., u\ an a non- 
inductive load Witli lower valuen of fndd <mrrt*nfc, tlu^ Pd\ 
becomes ami proo-ressively lower, }j\ tho tnot(*r is a more 

and more inductive lon<l; whonois lii'jfher vhIuom of fitdl current 
cause the P.F. ,to hcconu^ projLCnnsaivoIy more loadin^^ ij\ tlie 

nmrhino ialco.H a leu(lm|( 
current from the A.(]. 
Htipjdy (like a comlenncr) 
and <’an ther<d<»n» he uHtul 
to eoinjjenHatt^ for the 
P.F. of induction 
motorH and other lofuk 
'rypical inot<*r rttrront— 
tu'ld eurnuit (oirvew for a 
"^iymdironouM motor are 
Kliown in Fi|ij. 2(i(i ; from 
their nhapo thenes are called 
the ‘Vee-curven* of the 
machine. 1dni actual tieltl 
current recpiired to main- 
tain unity IML iucraaseH 
witli tlm load #n the 
machine, htmee, if the 

I’la. 266. — Typical vee-ourves (motor current — fitdd current l>e kept eon- 
field current) of synchronous motor, 226 . x j. xt t ^ 

H.P., 2 200 1. 6-pole machine. Htant at the value required 

for unity P.F. at full- 
load, the P.F. will be lagging at higher and leading at lower 
loads. This may be demonstrated by drawing a vertical line 
(representing constant field) through the jx>int A , Pig. 266, but it 
is shown more clearly in Fig. 267 and in Fig. 268, which represent 
typical characteristic curves of a synchronous motor. 

The efficiency of synchronous motor's is usually higher than 
that of induction motors and their cost is lower, particularly where 
machines of high H.P. and low speed are concemad. Typical 
values of efficiency for high and low speed synchronotiH motors of 
1 GO H.P. are as follows : — 
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Efficiency % at Full Load. 

H.P. 

No. of Poles. 

R.P.M. {60 cycles). 



Unity P.F. 

P.F. 0*8 (Leading). 




100 

72 

100 

88 

82 

100 

6 

1200 


90 


The lower efficiency at the leading P.F. is due to the increased 
PR losses in. the windings, owing to the heavier D.C. field current 
and the heavier A.C. stator current (see Fig. 266). The effect of 
the leading P.F. of the synchronous motor in compensating the 
lagging P.F. of other loads usually more than counterbalances the 
extra cost of the heavier D.C. excitation and the sacrifico of 
efficiency in the machine ; but it should be noted that there is no 



Fig. 267. — Variation of P.F. of synchronous motor with load, at different 
constant values of excitation. 

advantage in operating a synchronous motor at leading P.F. 
unless: (a) in the case of private generation there are lagging 
loads to he compensated; (6) in the case ’of purchased supply the 
supply authority allows a. rebate for high or leading P.F, A 
leading P.F. per se is just as objectionable as a lagging P.F., but 
under most practical conditions a leading P.F. is valuable in help- 
ing, hy its compensating effect, to approach the ideal of unity P.F. 
throughout the system (see also Chap. 5, Yol, 1). 
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An over-oxcite<l Hyucliroiions iu<»tor Is nin on uo-load 

Hituply aB a ^synclln)n(mH comh^nMin* ' (§ HiC) (r), Yal, 1) t«» improve 
the P.F. of the Hyntom. A motor, howovor, which In drivin^mi 
mechanical load can alno he made to otietd a tmtdul amount of 



Fig. 268.— rypical oharactormiuiH of B-phaw Hyiu*hrooc»u ^ mot4>r. output 

20 H.P., i;000 r.p.nu {tm almr Figa 248, 250.) 

‘ phase compenBation * provided it in d(wi|j^m^d ior tlm na[uiHiti«i rau^e 
of D.O. field excitation. From thin point of view, inaximum 
results are obtained by operating the motor at 0*707 hmdnkg P.F., 
the watt and watleBs (leading or corrective k VA) comjKaH^ntH being 



Fig. 269.— Illustrating opemtion of sy»ohironouBmotoiti at leading F.F. 

then equal, and the total utilisation of given combined k V A capacity 
being then, a inaximum (see Fig, 269 (a)), Nearly as great total 
utilisation is effected hy operating at 0*8 leading P.F. (Fig. WB (i)) 
and in practice it is usual to build synchronous motors to one of 
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two ratings: (a) unity P.F. machines which operate at unity P.F. 
at full-load with normal field current; (b) 80 % n^iachines 
which operate at 0*8 leading P.F. at full-load with normal field 
current. The unity P.F. machine can only raise the average P.F. 
of the system to which it is connected, but the 80 % P.F. motor 
.exercises a definite corrective effect. An 80 % niotor is 

about 25 7o larger than a unity P.F. machine of equal H.P. and 
its leading or capacity kVA effect is 60 % of its total kVA rating 
(Fig. ‘269 (b)), or 75 7o of the watt component corresponding to its 
mechanical load. 

For a given mechanical output, corresponding to the watt com- 
ponent, Fig. 269, the total kVA rating of the motor increases as 


follows : — 





Mechanical 

Output 

(Assumed.) 

P.F. of Motor. 

Total kVA 
Eating of 
Motor.* 

Corrective 

(Leading) 

kVA.*' 

Additional 
Total kVA 
Rating (com- 
pared with 
Unit P.F.) per 
Corrective k VA. 

}-» 

§88 

000 

000 

1*0 

0*8 leading 

0*707 leading 

100% 

125 y 

141-4 % 

nil 

75 7o 

100 7o 

0-33 

0*41 

The A.O. current taken from the line is, of course, 

a min ii mu 11 


at unity P.F. (Fig. 266), but under the usual conditions of practice 
it is worth while to increase this current in order to improve the 
P.F. of the system as a whole. It should alv’-ays pay the owner of 
a private generating plant to do this, but the user of purchased 
current has no considerable incentive to improve the P.F. of his 
load unless the supply tariff* takes account of this factor (§ 274, 
VoL 1). 

The use of synchronous motors for P.F. correction is discussed 
more fully in Vol. 1, § 160 (c). For their application to be elfective 
and economical in this service, the synchronous motors must he 
reasonably near the source of low P.F. (e.gf. induction motors), 
they must he in service during the same periods as the latter, and 
they should be in as large units as possible (preferably not less than 


As percentage of mechanical kYA. 
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thocoHt of fch« l).<^ »‘xci<ati(»n will In, relatively 

high. 

Interesting compai'inoiiH hotwtHni HyiichrtninnH moierH aiitl other 
A.G. inotora capable of operating at nnity or leading P.K, are given 
in § 695. 

Torque OhmwtejrwtioH of Hynvhrt*nniw Mi^torK ntarting 
torque of the plain synchrononM motor * ia practically being 
only that due to interaction l)etween tlu^ rtjtating A. (I. fit^kl and 
the eddy cnrrenis indncod tlioreby in the. pole facoH of the ]).C. 
magnet systeiu. Buch a motor in hardly Htdf-ntarting tuider any 
conditionH, and certainly not against a intHdianical haui. Tht^ only 
method of starting it ‘wonld nsnally be to nm it up to speed by 
means of an auxiliary motor ami then synchroniHe it with the 
Hupply in the same way m an alh^rnator (§ 149, Vol. 1); the load 
would then be coupled to tlie motor hy im^arw of a Httitable clutclu 
Formerly, synchronous motors wen ^ suhjcict to this inconvenience, 
and, as a consequence, their applications wcire very reHtricted.f 
Now, however, almost every synchronous motor is H4df-starting (by 
means described below), and this type of machine is used frtmly, on 
account of its valuable P. If. clumactcuistics, wherever a (‘onstant 
speed of driving is either desired or ae(uq>taUle, 

Once a synchronous motor is rutming Hyiudirououwly it will 
carry any load at constant speed (see Fig. 268) until th<^ torque is 
sufficient to break the magnetic ‘ lock ’ the rotathikg A.C. 

held and the D.C, magnet system, Whan tins (Kicmrs tlio rotor 
immediately falls out of step and the machine Htop« unk«4 the peak 
load was of such short duration that the rotor can t>e pulled back 
into phase with the A.O, field before it has slowed down n])precnably.t 
The maximum overload capacity of the machine incrofwes with the 
value of the D.C. field current, until magnetic saturation is reached ; 
up to this point, the Cocking' action between the rotating A.C, 


*1.6. a m.otor embodying a rotating A.O. field and a D.C, magnet nyabem but 
with no provision for developing a useful starting tor(iuo, 

fThe driving of A.O.-D.O. motor-generator sets was one of the principal appH' 
cations of such inotora. The A.C. machine could be started from the B.O* endd! 
the set, by using the B.O. generator temporarily as a motor, and, in this oase, no 
clutch was required. 

t As explained in § 696, the synchronous-asynchronous motor can continue to 
run as an induction motor, after it has pulled out of synchronism, provided that the 
overload is not too severe. 
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field and the rotor increases with the D.C. field current. Under 
favourable circumstances a synchronous motor can carry a momen- 
tary load of If to times its rated H.P. without pulling out of step. 

When running synchronously (as distinct from asynchronous 
running during the starting period), the maximum or pull-out 
torque of a synchronous motor varies with the D.C. field and the 
A.C. supply voltage, instead of with the square of the latter as in the 
case of induction motors. This is a distinct advantage where the 
supply voltage is apt to be low. For example, 12^ 7^ decrease in 
voltage reduces the maximum torque of a synchronous motor to 
87^ 7o of its full-voltage value, whereas that of an induction motor 
would be reduced to (87-^)^ / 100 or 76-^ 7o- 

A synchronous motor can be reversed by interchanging two of 
the stator supply leads (in the case of a 3-ph. machine) so as to 
reverse the direction of rotation of the A.C. field. If this he done 
while the motor is running, the machine is ‘plugged,' Le, stoi)ped 
by reversal of torque; this is a method which imposes heavy 
mechanical stresses on the motor and on the driven load. Dynamic 
braking may be effected by disconnecting the stator from the supply 
mains and short-circuiting the stator terminals through suitable 
resistances, the D.C, field being meanwhile maintained ; the yiotor 
is then, in efiect, a heavily loaded alternator driven only hy itS own 
kinetic energy and that of the coupled meclianical load. 

Though, from tlie nature of the case, each pole of the D.C. 
magnet system of a synchronous motor must keep in step with the 
corresponding pole of the rotating A.C. field, there is a small phase 
angle between the two corresponding to the drag or resisting torque 
of the driven load. This angular displacement varies with the 
load on the motor and, if the load changes suddenly, the inertia of 
the moving parts prevents the rotor from moving immediately to 
the correct new position with regard to the rotating field. There 
is an initial lag, followed by ' overshooting ’ in the opposite direc- 
tion and then by more or less prolonged oscillation on either side 
of the correct phase position. This phenomenon is known as 
hwnting and it may become very troublesome if there are cyclic 
variations in the load, particularly if these happen to coincide with 
the frequency of oscillation of the rotor and/or variations in the 
supply frequency. In order to ‘damp’' the oscillations, damping or 
amoTtisseur windings may be provided on the rotor. These con- 
sist either of brass or copper rings surrounding the pole shoes, or 
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a complete Ssqnirrol-cai^^o ' ef barn h*\ int<} tlii» pole iitui nhort- 

circuited by a copper nn|>; at efich end. In eithi^r vim^ tlni energy 
dissipated by the HhorWiretiit (‘urrents flowing in the damping 
winding brakes the niovtnimni (lituiiing) which geiieratcH these 
currents. 

The damping wirnlings imccHsary in tqqHtHt* hunting • Imve the 
important effect of inqjroving the. starting cIinnicituisiieH of the 
synchronous motor, for, during thcs Htnrting prriuth act an the 
squirrel-cage rotor of mi induction motor and tlie nnudiine starts 
substantially as an iiuluc.tion motor, ludtsNl, hy proviiiing a suit- 
ably designed winding on a cylindrical rotor {ij\ one without the 
salient poles of the original typo of ordinary syimbronouH motor), 
a machine is obtained which combincH tlm uicrits td’ both the 
induction motor and the synehromniH mcd.or, ‘‘rhis is the syn- 
chronous-asynchronous motor (§ iUH>) which has the starting 
characteristics of an induction motor, normally ruim as a syiudironous 
motor at \xnity or leading P.h\ (the Hjierinl rotor winding being 
then excited by D.O.), and contimu^s to run as mi imluction motor 
if it is pulled out of synchronism by ovuudoad. 

The earlier types of synclironous motors with damping vvimlings 
in the pole faces were capable only of starting light or against not 
more than ,10 7<, oi full-load torejue. Modern saliout-pole syn- 
chronous motors with a squirnd-cage wimling emhtnhhsl in the 
pole faces will start against 30 to 50 "/o fu!l4oad torqmx with from 
IJ to 1-i times full-load current. The P.F. of those nmchines is 
low during the starting period owing to the long air gap and other 
features of design; if the starting current \m reduced l^y using 
a squirrel-cage winding of high resistance, tlu^ ‘ juill-iii * tongue at 
synchronisation is reduced. On the other hand, %lm effkutmcy of 
the salient-pole synchronous motor, with a H^piirrol-eaga starting 
winding in the pole shoes, is higher tlian that of a synchronous- 
asynchronous motor of eqxial rating. By suhstituting a 3-phaae 
starting winding for the squirrel-cage wimliug In the pole hIiobs, 
the starting torque of the salient-pole synchronous motor can be 


* When the motor is running synchronously there ia,^o B.M.F. induced in the 
damping winding except when relative displacement occurs between the rotor and 
the rotating A.C. field. The damping winding is therefore unable to prevent suot 
displacement or hunting, but it opposes the motion directly it occurs, and thus 
reduces its amplitude. 
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raised to about 1-^ times full-load torque ; the D.C. excitation is 
applied after the external resistance in series with the starting 
winding has been removed and the full asynchronous speed has been 
reached. The modern synchronous-asynchronous motor with 
a cylindrical rotor (non-salient poles) can drive its load either 
synchronously or asynchronously, and has starting and pull-in 
torques enabling it to he used wherever a slip-ring induction motor 
would he applicable. 

The maximum speed at which a synchronous motor can operate 
is that corresponding to a 2-pole construction, i.e. 6*0/ r.p.ni., 
where / = frequency of supply in cycles/sec. A 2-pole syn- 
chronous motor on 50-cycle supply runs at 8 000 r.p.in., and 
large machines of this type have been developed for such services 
as driving centrifugal compressors. Their construction closely 
resembles that of 2-pole turbo alternators, a starting winding being 
added to allow the machine to start as a squirrel-cage induction 
motor. ® 

The following particulars are from a paper by D. W. McLenegan 
and I. H. Summers.* 

A squirrel-cage starting winding consisting of thin doop conductors is lot into 
special slots in the pole faces of the rotor and into recesses on the sides of the slots 
containing the D.O. field windings. A symmetrically distributed starting winding 
is thus obtained which does nob interfere with the withdrawal of the main field 
winding should this be necessary. The retaining wedges are cut into short lengths 
insulated from each other to prevent induced currents flowing axially along them 
for the whole length of the rotor. Even so, the leakage flux from the starting 
winding causes a current to flow axially along the top of each length of wedge and 
back along the bottom. By using steel and n on-magnetic wedges in different 
arrangements, different effective resistances and reactances can be obtained, thus 
varying the characteristics of the motor to some extent. 

Typical current-speed and torque-speed curves for a 1 500 H.P., 3 600 r.p.m., 
60 cycle motor are shown in Eigs. 270 and 271 respectively. The torque is well 
maintained up to a speed very near to synchronism, thus making it easy to 
synchronise the motor. At 100 voltage, the machine to which Eig. 271 relates, 
develops 160 torque at 98 °/o speed, and 130 7o torque at 75 % speed ; hence, if 
the machine falls out of synchronism owing to a temporary drop in voltage, it is 
capable of re-synchronising against full-load when normal voltage is restored. The 
period for which a 2-pole synchronous motor can operate as an induction motor is 
very limited, owing to the rapid heating which occurs. The pull-out torque (maxi- 
mum synchronous torque) is about times full-load torque in machines operating 
at 1*0 P.E. ; and twice fu'll-load torque in machines operating at 0*8 leading P.F, 


*Journ^ Amer, Vol. 47, p. 686. 

59 



§679 KI-K('TUK'AI- KN(ilNKHUIN(; i’HA<''ri('F, 

In tlia lattor oaso, tull-liiwl toinimcasi lie I'arriwl iiioiiii’iiUril.v witli tlio llnovolUg, 

only 50 of the iiornml valuer. 

Tlie synchronous charack^rintioK of th<» iimtor aiv similar to fehose of 

multipolar maclnnos hut the iKWor rcM{ttir<'cl for rxritation in vvty Um, only 
3 3-6 kW for a 2 600 H.r., 0*9 PJj\, H (UK) r.jj.iiL* Windago loss 

is necessarily high at such high KpuodB, hut «»f 04^ li.nj have been 

obtained from 1 250-3 000 U,V. inw’hineH. 

In sisies smaller than BOO-l ()(X) H.P, thi* HynrhnmnuH nn»tur hanlly com- 
petes "with the squirrel-cage or wnijn<l-n>t<ir in<hit’ti«>it niottir at n OfX).,H (100 np.m., 
unless the poasihiliby of eorrwiing power fiu'tor itistiticM th«» higher twfc of the 
2-polo synchronous motor. ,l)ifliculbu*H are oxjw'rhmrrd at the Hlip.ringK of high- 
power, high-spood, wound* rotor iiulucthm nudorsnnd tli»* t-Mf*! uf auxiliary (vpiipmeat 
for power-factor correction has gone rally to t«» iuc«rri‘d uInto th»w» machines are 
used. Two-polo synchroiums motors have lH*en denigiMHl fin llhiH) up to 1 CX)0 H,P. 
at 3 000 r.p.m., 60-cyolcs and 4 (XX) II.P. at 1 fKK) r.p.iii., 2fi om-Ios. 



Fig. 270.— Armature current-speed ohar- Fin. 271,— 'rorriue-Htwwl rharanteristiot oi 
acterisbics of two-pole synchronous two-polo synch roimu* motor at variou* 
motor at various voltages. voltages. 


The starting of synclironouH luotorn hy eluetrical nu^liodw and 
also by allowing the stator to rotate during the ntarti ng |)eriod is 
explained in § *722. 

Summary of Gharacteriatics and A 2 )plicaiunwr—‘^VhB syn- 
chronous motor is definitely a constant-Hpeed machine. This is 
often a very desirable characteristic, but the projuirty whieli is 
most responsible for the ever-widening applicatioii of synchronous 
motors is their ability to operate at unity or leading P.F. Syn- 
chronous motors are sometimes run without mechanical load simply 
for P.F. -correcting purposes, and are then known a» ‘ synchronous 
condensers.’ Usually the motor may advantageously carry a 
mechanical load at the same time (§ 160, Vol. 1), 

Improvements in design have led to the adoption of synchronous 
motors in a great variety of industrial services. If the machine 
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is to carry very heavy overloads (up to, say, three times fulLload 
torque) without pulling out of step, the synchronous-asynchronous 
type (§ 696) must be used. Synchronous motors are specially ad- 
vantageous for direct-coupled low-speed driving, the P.F. of low- 
speed induction motors being low ; high 'speed (2-pole) synchronous 
motors are, however, available if required for such purposes as 
driving centrifugal pumps. Whereas the P.F. of an induction 
motor rapidly becomes worse at fractional loads, that of a nyn- 
ehronouKS motor leads to a greater extent as the load is reduced. 
Synchronous motors can be built economically for speeds down to 
100 r.p.m. or so. Sizes as small as 20 H.P. are coming into use, 
but the most advantageous applications are generally in sizes from 
100 H.P. up to 10 000 H.P. or even higher. High voltage supply 
at 2 200, 3 300, 6 600 or even 15 000 V can be used without a step- 
down transformer in motors of 200 H.P. or more. In the smaller 
sizes, 20 to 50 H.P., as built for driving small aimnonia compressorH, 
the field system sometimes rotates outside the stator. 

Among the principal applications of synchronous motors are : 
motor-generator sets, frequency changers, compressors, large J'ans, 
pumps, refrigerating* machines, power-house auxiliaries such as 
condensate and air pumps, lineshafts, cement mills, rubber calenders, 
and constant-speed rolling mills. A magnetic clutch may be needed 
if the starting conditions are very severe. Table 118* shows 
typical characteristics of synchronous motors used for various 
drives. 

Synchronous motors are now ased to drive many brass and 
copper rolling mills, and continuous sheet and bar steel mills. 
They are frequently used to drive non-reversing rolling mills 
which would formerly have been diiven by induction motors 
carrying flywheels to smooth out the peak loads. Similarly, in 
heavy reversing mill drives it was formerly considered essential to 
employ a flywheel motor-generator set driven by an induction 
motor with slip-regulator, but a synchronous motor generator is 
now often employed to convert the A.C. supply to D.O. for the 
reversing mill motor. No fl.ywheel is used where the Bynchronous 
motor is employed (the latter being a constant-speed machine), 
hence the peak loads are transferred to the A.C. mains with their 


* F. Vf. Hotohlciss, Power, Sept. 4, 1928. 
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It should be noted that although the jjeak load on the mains is 
gi'eater (perhaps twice as great) with the synchronous motor drive 
than where a flywheel storage set is used, it is, in rolling mill 
service, o£ very short duration and hence is unlikely to aflect the 
‘ integrated ’ 5, 10 or 15 min. demand * on which rnaxinnim demand 
tarifls are commonly based. Even in colliery winding service, 
where the peak loads are of longer duration, it is doubtful whether 
they would persist long enough to aflect the ‘ integrated ' maximum 
demand. Allowing for the higher overall efficiency of the drive 
when flywheel storage is eliminated it is quite possible for the 
‘ integrated ’ maximum demand to be reduced, notwithstanding tlie 
higher instantaneous peaks of the synchronous motor drive. 

A flywheel on the shaft of a synchronous motor will not help 
the latter over peak loads in the same way that it would lielp, say, 
a compound-wound D.C. motor, because the synchronous motor is 
a constant-speed machine. Nevertheless, wliere there is cgxisider- 
able cyclic irregularity in the load-torque during eacli and every 
revolution of the driven machine, as in the case of compressoi-s, 
a high flywheel eflect in the synchronous motor helps to equalise 
the load during each revolution and thus to prevent hunting or 
pulsation of speed and current. 

680. Miniature Synchronous Motors; and ‘ Selsynsd — Small 
synchronous motors are often used for timing purposes, driving 
oscillograph mirrors, synchronous recorder drums, and other applica- 
tions requiring absolute constancy of sj^eed or strictly synchronous 
rotation. In such cases the power required is usually negligible 
and the rotor maybe of any non-magnetic substance with iron bars 
or studs let into its periphery; these inserts lock with the rotating 
A.O. field when the rotor is started by hand. If the rotor be 
■a conducting disc with iron inserts, it will start as an induction 
motor and then pull into synchronism. Commercial motors of this 
type measure a few inches and weigh a few otinces. 

The ‘ Selsyn ’ (self -synchronising) motor is used for transmitting 
signals, indicating the position of a float, or reproducing tempera- 
ture or pressure indications at a distance. Two or more motors 
are connected in parallel and the x^otor of each receiver automatically 
takes up the same position with regaifl to its stator windings as 


* I.e. the maximum average demand during any peripd of 5, 10 or 15 mi| 3 tute.vas 
cage be, as distinct from the maximum instantaneous demand. 
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that in which the rotor of tlio tninmiiitler in [ilacod. If the trans 
mitting rotor were rotatoil coiitimidusly, the n-cri vitig rotor would 
rotate synclironously with it, hut, in i.nirtic.% tho tranmnitter is 
generally moved to varioun dofinite poHitiosi.s l.y hand, or hv 
an instrument or Hoat cduiin, etc., ami the n-coiving rotoro then 
move instantly to oorrospomling poNitions, Each rotor conHists of 
an H-typo core with a siniph' coil winding; ami tin* sliii rim's of 
the several j-otors are connoetod in pHrallcl to a singlt.-phaHii A C 
supply (Big. 272). 'I'he stators carry throe windingH connected 
in star and in parallel with each other. 'I’ln- transmitting rotor 
being held m any position, its alteriifiting ilnx induces K.M V ’s in 
each leg of tlie stator winding, and the rowiving rotor nt emee 
moves to the corresponding position, so that the K.M.K.'h which it 
induces in its stator windings are equal and opposiU* to those iii the 



Tranamlttor 

Fig. 272.— Conneottons of S«l»yn motors. 

transmitting stator There is then no current flow ladween the 
two stators Any desired number of receivers can la, c<mn<,cto<l in 
parallel with a single transmitter. All the Solsyns are identical, 

rdtiom S ® m ^ movements and im 

; d ions. The spindle of each rotor carries a pointer moving over 
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iatics are obtained. It is proposed, therefore, to state the main 
principles relating to all polyphase induction motors, and to make 
general comparisons between the main types before proceeding to 
individual consideration of the latter. Single-phase induction 
motors are dealt with separately in §§ 689 et seq. 

The 'squirrel-edge^ induction motor is the simplcHt of all 
electrical machines, and takes its name from the form of its rotor 
winding which generally consists of bare or lightly insulated 
copper bars laid in slots in the laminated iron core and connected 
at each end to a ring of copper or brass. The 'bars being thus 
short-circuited at each end, this construction is often called a ' short- 
circuited rotor.' There is no connection from the squirrel -cage 
winding to any external circuit, and the bars may be very lightly 
insulated, or even bare, owing to the very low E.M.F. induced in 
them and the low resistance of the short-circuited bars.* The 
absence of slip rings, commutator, and any form of sliding contact 
reduces the upkeep of the motor to a minimum, and is a special 
advantage when the machine is to be used in dusty or explosive 
atmospheres. The stator winding is practically identical with that 
of a polyphase alternator. The air gap is extremely short (of the 
order of a hundredth of an inch), hence the bearings must be kept 
in good condition to prevent the rotor from fouling the stator ; 
ball or roller bearings are specially advantageous from this point 
of view, and should be used wherever possible. The cost of 
a squirrel-cage motor is only about two-thirds that of a E.O. motor 
or slip-ring induction motor. 

As explained below, 'the principal limitation of the ordinary 
squirrel-cage motor is its low starting torque per ampere of starting 
current. This objection may be overcome by the use of a special 
type of squirrel-cage machine (see later), or by using a ^^ohase- 
wound ’ rotor (generally termed a ' wound rotor ’), with windings 
arranged like those on the stator and connected to slip rings, 
between the brushes of which external resistance is connected 
during the starting period. When the machine has reached full 
speed the slip rings are usually short-circuited, f and the motor is 


* See note, p. 160. 

+ Sometimes resistance is connected between the slip rings during normal 
-running for speed control (§ 726), and in other oases the slip rings are connected to 
an auxiliary commutator machine, instead of resistances, for purposes of P.P. correc- 
tion or speed control (|§ 687, 694), 
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11 Oo7v “P ^ H.P. or BO are oonneoted to xnaioB at ep to i 

75 to IM H T ”“®?; Sometimes 2 200 V supply is oouuected diitotlyto 
motors; on the other hand, 220 V supply may be used for 100 to 

P^^ssTbir ” »ituatioBs or where Ugh voltage cables are Sot ! 
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resultant field and this induces a current in the secondary windings ; 
interaction between the primary field and the secondary current 
furnishes the driving torque of the motor. At starting, when the 
rotor is stationary, the frequency of the induced secondary current 
equals the frequency of the A.C. supply (say, 50 cycles per sec.), 
but, as the rotor accelerates, the relative speed between the primary 
field and the secondary windings decreases and, with it, the fre- 
quency of the secondary current. If the rotor ran synchronously 
with the rotating field, the latter would be stationary with regard 
to the secondary windings. There would, therefore, be no cux^rent 
induced in the latter and the motor would develop no torque. For 
this reason, it is impossible fqr an induction motor ever to run at 
synchronous speed. * On no-load, the speed approaches synchronism 
very closely, but, as the load increases the speed falls somewhat, to 
an extent comparable with the speed-drop of a D.C. shunt-wound 
motor. At any moment the difference in speed, or the ' slip ’ 
between the rotating field and the rotor is that required to induce 
the secondary E.M.F. which, in turn, produces the secondary current 
needed to develop the requisite driving torque, by interaction with 
the primary field. The machine slows up, on load, until this result 
is accomplished, unless the load exceeds the maximum or ^ p\xll-out ' 
torque of the machine (usually 2^ to 3 times the full-load torque), 
in which case the motor stops and is said to be 'stalled.' A stalled 
squirrel-cage motor usually draws about six times its full-load 
current from the mains. 

At normal full-load the difference between the speed of the 
primary field, i.e. the ' synchronous speed ’ of the motor, and the 
actual speed of the rotor is usually from 2 to 4 % of the synchronous 
speed in large, and from 6 to 10 °/^ in small, induction motors, 
according to the design of the machine (see Table 119). 


The synchronous speed of a motor with p pairs of poles (= number of poles / 2), 
running on a supply frequency of / cycles/sec., is 60/ / p x.p.m. If the actual 
speed of the rotor be n r.p.m. , the percentage slip is 

, _ mjp) - « „ _ 100 {60f-pn) 

W/P w — 

of the synchronous speed. Conversely, 


% 


60 /( 1 -^) 


' r.p.m. 


* Unless the secondary windings are excited not merely by induction but by 
current conducted from an independent supply, or from a special exciting winding, 
in which case the motor no longer runs as an induction machine. 
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OfeviouHly, tlie iVn,iu«noy of thi- iiniur.^.i s.-.nii.Iary ourr 
(i.e. the rotor current in t.lin nn.ti.i- hm iiHnally urrantred) is T 
same percoritaj^o of the supply fr,..pu.ncv. us ’thi. slip is of 
synchronous speed. For .•XHtni.Ic, if the n.tor niim with ^ “/ cV 
and the supply frequency is 50 ,-ycles sec., the fre,,ueucv rf t? 
rotor current is 5 "4 of 50 ^ >2j cyeh-.s/see. ^ 

As explained above, the sliji of an imiuftinn motor is requiro,) 
in order that an E.M.F. may h.Madu<«ed. nf sntJicient mamitud 
to produce the ctirrent n.iedwl to devtdop the drivinf,' torque. If 
the resistance of the rotor winiliufr he ittcreased, the induced 
E.M.F. must also he incrtuiaed to maintain a ^dven value of 
current, i.e. tlio ‘slip’ ot the rotor increa.ses. In slip-riM 
naotors, extra resistance is sometiinea introihiciMi into the rotor 
circuit in order to increase th(» sli]). i.e. retard the rotor, and thm 
make possible the utilisation of Hywhee.l efl’oct. External resial- 
ance thus introduced into the rotor circuit may ht, used for 
purposes of speed control (§ 725). hut the methrai is wasteful of 
energy and results in increased variation of speed with load 
(cf. speed variation ot D.(l. alitint motor hy r(wi8taiice in tko 
arrnature circriit, § eTB). The power inprat to an iixfuctioa motor 
vanes with the torque developed, not with tho spo(sI,and therefore 
not with the power output; in the case of a c-onstant-tonuie load 
it the speed be halved by resistance in the» rotor circuit, the out 

remains unchangwl (ignoring subeidiasy 
losses) hence the efficiency is approximately halved ; see, for 

^ 

so enerpr of the ‘ slip current ’ in tho secondary of 

an induction motor is dissipated in the form of im heat in tie 
be external resistance, if any, but this energy can 

fr«m!i. ““Chine C§§ 687, 694.). Normallyife 

is Xd to effe auxiliary macL; 

s iWeas.^! frequency of tho rotor currwt 

increased as the speed of the machine is decreased. ‘i 

be driven mechanically, by an 

it onerates ss^ ° erwise, at higher than its synchronous speell 
operates as an asynchronous alternator (8 144 Vol 1) arf' 
returns energy to the A.C. supply mains In ’ other wcl 

iZlZZ “” 4 : 
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Reversal of a S-pliase induction motor in effected by inter- 
changing the supply leads to two of the primary (stator) terminals 
or, in a *2-pliase motor, by interchanging the pliasevS of the 
supply. The effect, in either case, is to reverse the direction of 
rotation of the resultant primary field, and hence the direction of 
the driving torque. 

Once a polyphase induction motor is up to speed it will continue 
running as a single-phase motor if the circuit in one phase be 
interrupted by any cause. During such single-^hase operation 
the efficiency is low and the current in the primary and secondary 
circuits is unduly heavy. In the case of slip-ring motors an over- 
load trip coil may be provided in the rotor circuit, but this is 
impossible in squirrel-cage motors and reliance must then be 
placed on the fuses or overload trips of the stator, and these may 
not operate before the rotor current has reached a value causing 
excessive heating. A 3-phase motor running with an open-circuit 
in one stator phase will usually carry about 7 0 % of full-load with- 
out overheating and its pull-out torque may be l-J- to 2 times the 
rated full-load torque. A slip-ring motor will continue to run 
(but not start) with one rotor phase interrupted, but the pull-out 
torque is reduced to about one-third the normal value ; this fault 
is generally revealed by the rotor vibrating seriously. 

If the number of slots in the stator and rotor of an induction 
motor be equal, or have a common devisor, the rotor is apt to be 
‘ locked ' magnetically by the stator field, so that poor starting torque 
is obtained and the starting current is heavy, In small motors 
the rotor slots are sometimes skewed to eliminate this action, but 
in most cases it is sufficient to make the number of slots unequal 
and with no large common devisor. 

Approximate data for 25- and 50-cycle, squirrel-cage and 
slip-ring induction motors are given in Table 1 19. These data 
are on a conservative basis suitable for general estimating purposes, 
and higher efficiencies can be* guaranteed in particular cases. 

As will be seen from Fig. 273, the power factor of an induction 
motor decreases rapidly at fractional loads, and underloaded in- 
duction motors are one of the principal causes of low P.F, in A.C. 
supply networks. 

Though the low-power factor of induction motors on light 
load lowers the average P.F. of the whole installation (back to the 
point, if any, where phase-compensating equipment is situated), 
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the machine, varies mainly with the length of the air gap and the pitch of the poles. 
The minimum practicable length of air-gap is determined by mechanical considera- 
tions, Other factors being equal, the P.P. is higher the greater the pole-pitch, Le. the 
fewer the number of polos and, therefore, the higher the speed of the machine. 

An additional argument for the use of high-speed motors is the 
lower cost per H.P. ; on the other hand, the initial rush of current 
at starting is heavier in high-speed motors. 

Fig. 275 shows typical values of P.F. at full-load for induction 
motors of various H.P. and speeds. 

Commercial induction motors are usually guaranteed to carry 
their rated load when either the voltage or the frequency varies 



Pna. 275. — Typical P,P. of S-phase motors ab full load, for various horse-powers 

and speeds. 


± 10 7o normal. An induction motor operated on other than 
its rated frequency of supply is capable of developing* its rated 
torque if the voltage be altered in tlie same ratio as the frequency. 

Por example, a 220 V, 40-cycle motor rated ab 10 H.P., 760 r.p.m., could be 
operated on 25-cycle supply at 220 x 25/40 or 187J V and would then run at about 
460 r.p.m. and develop 10 x 460 / 760 or about C H.P. If operated on 60-cycle supply 
at 220 X CO / 40 or 380 V, the motor would run at about 1 160 r.p.m. and develop 
10 X 1160 y 760 or about 15 H.P. 

Low voltage results in a decreased speed (i.e. increased slip) in 
an induction motor, and usually in a slight improvement in power 
factor and a larger decrease in effidency. Typical data, at full 
load, are as follows : — 
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Fig, 27h ahowH tortpm-HpcinI at riiiiHl voltagi* for a Ihjihmi 

induction motor with varioun valuen of ittial rrHi^tfinto* H in Ihi 
rotor ciremit. The actual value of remHtauce taken fitr i^tltnilatiiig 
th© curve marked ii *• 1 in W O’t x rtwtiince iif rotor iil Ml 
Hupply frapxency (thin being the frtN|u«mcy of iiu^ rotor cnirrento 
when the rotor in stationary). The toniiiii-spewl curve for a 
.S(iuirrcl-cage motor in usually l^etwmin the rnrvm ttiiirktni it ml 
and R m» 2 m Hg, 276; the other curves, for highiu’ valutw^ of S, 
are such as might he obtained for a sUp-ring motor wtili various 
values of external roHintance eomuHSted ht4w*»eu t!ir Htip riii|^, ii. 
in Beries with the rotor windings. If the torqiut-HfieiHi curve for 
a particular motor with the rotor Hlnut-cinniited were m nmrkd 
R « 1, Fig, 276, the tGrque«Bpee<l curvw corn*«|Hmdiiig in the mi 
of Buch external reHlstance as wemhi <Iouhle. tndde, quintuple, efe., 
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Fig. 276, Torque-speed curves for 3-pliase slip-ring induction motor ’with various values of rotor circuit resistance. 
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may cause an induction niobor fee men unless the rotor is short»«drt'Uit»«i 

Special Tyjpes of Induction Moiorn, "■■'riu* iirriiiigi- 
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various modifications in order to obtain different starting char- 
acteristics, and more or less speed control. The methods of 
starting and control are further discussed in §§723 et seq., 
present consideration being limited to the effects of these methods 
on the operating characteristics of the jnachines. 

If started on full line voltage, an ordinary squirrel-cage 
induction motor develops a starting torque equal to from 0*8 to 
1-2 times full-load torcpie with from 5 to 7 times full -load current 
■at a P.F. of about 0*45. Such a current rush is usually only 
permissible in the case of relatively small motors and, in any case, 
it results in such a high IR drop in the motor supply leads (unless 
the latter are undnly large) tliat the voltage at the motor terminals 
falls considerably below normal; the tor(;[ue, which varies with 
the square of the voltago, then decreases correspondingly. 

In order to redxico the starting current, squirrel-cage motors 
are generally started on reduced voltage, either by an auto- 
transformer, or by star-delta switching of the windings of a S-phase 
motor (equivalent to starting on 1 / ^3 or about 58 % 
voltage), or hy series-parallel switching in the case of a 2-phase 
motor (equivalent to starting on half the line voltage).* The 
effect is then to redxice both the starting torque and the starting 
current taken from the mains approximately in proportion to the 
square of the voltage applied to the motor, f Thus an ordinary 
squirrel-cage motor <Ieveloping about times full-load torque on 
starting with a current of ahout times full-load value at full 
line voltage, would have the following starting characteristics at 
reduced voltage : — 


Applied voltage, % of line voltago 

60* 

67*7 1 

60 

70 

80 

Starting torque, % of full-load torque 

80 

42 

45 

64 

62 

Starting current, % of full-load current 

160' 

165 

225 

305 

410 


Corresponding to series-parallel switching of 2-ph. motor, 
t Corresponding to star-delta switching of 3-pli. motor. 


^ If either star-delta or series-parallel switching is to be employed this must be 
stated -when ordering the machine, because tbe necessary connections must be led 
out from the phases of the stator windings. 

f If the applied voltage be reduced by series resistance, the line current is 
reduced in the same ratio as the voltage, and not as the square of the voltage ; 
see § 724. 
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swyice where lu^'h atarting torque ia very .leairahle ami maximum 
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By <l0Bp rotor IjHtrH of low Htifc tiiifh ronctiincit 

t le Htarfcinj^ current of a H(iuirrel-c,aet< motor can Iwi iiitich rwlnced, 
wfnlBt retaining practically the aaiue atartingr tonpie ua that of an 
ordinary low-rcaiatance, low-renc.tance machine, Knr exnnqile on 
Ml line voltage the high reactance motor ilevelopa atanit U to 1} 
timen full- oad tonpio with 4J to IS timea full-load I'urrent. Imth the 
torque anil the current being reduced about proportiuuately to the 
Hquare of the voltage if the machine ia ntarteil hy meaiw of an 
auto-transformer. 
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In order to combine starting torque with high efficiency 
during normal running, use may be made of the double squirrel- 
cage rotor, carrying a higb-resistance winding near the surface of 
the rotor and a low-resivstance winding embedded more deeply. 
The high-frequency rotor current during the starting period is 
practically confined to tlie outer, high-resistance winding (by the 
high reactance of the embedded winding) and therefore develops 
a high starting torque, whereas the low-resistance winding carries 
most of the current dxiring normal running and results in high 
efficiency. A motor of this type can be used where a wound-rotor 
machine would otlierwise be needed. 



10 20 30 -40 50 60 70 do so 100 10 20 30 40 50 SO TO 60 90 1QO 

Per cent St/nchronous Speed Pen cent Stf/ichronous Speed 


Fig. 277. — Torque-speed and current-speed curves for typical squirrel-cage 

motors. 


Fig. 277, from a paper by C. W. Falls, ^ shows how widely the 
characteristics of different types of squirrel-cage motors vary from 
one another. As a corollary, it is important that squirrel-cage 
motors be selected to suit the intended application; no squirrel- 
cage motor, whether standard or special, is suitable for all classes of 
work. 

SuTTimary of GhaTacteristics and ApplicatioTis . — In that its 
speed decreases slightly (only a few per cent.) between no-load and 
full-load, the A.O. induction motor resernbles the D.C. shunt- 
wound motor. With a short-circuited or ‘ squirrel-cage ’ rotor the 


Jour, Amer, 1928; Power Bouse, Sept. 20, 1928. 
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woniiii luatoi* Hiul uimhl.*.H a lly« h....l 1„. ,^,..1 ..(j'-utivulv % 

.saiiH* roHult may l.c <.l)fiiiiH..l Ili<'i..ntly ly twiimaa mmiliar! 

ma<*hiiH.(§ 7-iKj inHlaa.l .,1' r.*siMla„r... i,. thaatipS 

tl... r,|t<.r, Iful.k.. D.C. al.unf. a...! .•ua.|,..an.l w,.,„ul MH.tan..th 
A.(.. u.. u.*f,,.m ..a.uu.f 1... va.*i...l in I .•.,atinu,.uHly J 

afhciantly. _ A f.-w h|h.u.|m can I..* ..l.iaia.*,! 

}...la-<.ha..K...K' ( '..utimi, ,m variati.,,, ..f aiu.,.,! k 

(ihtiuia.il hy muaiw (if vai-ialil.* l•.•Histall(•|. in ()„. ,.*it.ir cimiit bi 
tlit.r.i IH a HurnniH waatiMif «.n.*i*gy in tliin l•l-HiH^al||.,.. ami thua’pesd 
ot fciia m.it.ii* .■.ll•r..np,„uIin^r t,i any j.nHi.*nlar vain.* .if tl..* rwwtenM 
variuH with tin* I.muI. 
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of a wrapping of bare copper sheet punched and bent so as to form 
‘ bars ’ and end rings all in one piece with only a longitudinal joint 
where the ends of the wrapping meet. In pony motors, as used 
for^starting rotary converters, the rotor is of solid steel with grooves 
milled along the surface so as to leave, iin effect, a squirrel-cage 
winding integral with the body of the rotor (see note, p. 160). 

The most serious objection to the squirrel-cage motor is that it 
is not a variable-speed machine ; this is a definite limitation which 
is only partially removed by the use of pole-changing windings to 
obtain two or more different speeds in a fixed ratio. 

The former objection that squirrel-cage motors developed low 
starting torque and required heavy starting current is now overcome 
by means explained in § 681. If required, a squirrel-cage motor 
can now be obtained with starting and running characteristics 
practically equal to those of a slip-ring machine. 

In some places in this country the regulations of the electricity 
supply authoidties restrict the use of squirrel-cage motors to sizes 
not exceeding 5 to 20 H.P., as the case maybe. In the United 
States, on the other hand, squirrel-cage motors are used in sizes up 
to 200 H.P., and there is no reason why such machines should not 
be allowed in any large industrial supply system, subject to suitable 
regulations as to the design of the motor and the conditions of 
starting. No authority which supplies current to electric arc 
furnaces, for instance, can reasonably object to the use of squirrel- 
cage induction motors of any iH.P. which the user is likely to 
desire. In the meantime, instead of enforcing an arbitrary limit 
to the size of squirrel-cage motors, it seems reasonable to limit the 
use of the latter only in terms of the maximum demand of the 
consumer during normal operation of his load. In other words, if 
the starting of a motor does not increase the maximum demand 
beyond the value which it would otherwise have, there seems to 
be no reason why that motor should not be employed. 

This basis of dealing with squirrel -cage motor loads is discussed 
in a paper by D. B. Hoseason (Jour, I.E.E., Vol. 66, p. 410). 

Suppose that the maximum current consumption of a consumer (corresponding 
to the total H.P. installed) «= J amperes; that the full-load current of the largest 

motor sa ^ . J amperes ; and that the average load at any moment ^ x connected 

load. 

Then, if the whole load except the largest motor be connected, the average current 
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all three rings are insulated from the shaft, and this is desirable 
because the star point of the external resistance for the rotor circuit 
is usually earthed and, if one of the slip rings be earthed (by being 
mounted directly on the shaft), the coiTesponding phase of the 
external resistance is sliort-circuited and the other two are over- 
loaded. 

ISTormally, the rotor is short-circuited when the motor is up 
to full speed, but if it is desired to utilise flywheel-storage in the 
driven load, a small section of the external resistance may be left 
permanently in series with the rotor to increase the ' slip' of the 
machine. Brush-lifting gear must not then be used. Sometimes 
resistance is left in circuit in order that the decrease in speed on 
overload may help to limit the amount of the overload, e,g, when 
driving centrifugal pumps having flat head-delivery curves, so 
that the delivery rises rapidly when the head decreases. 

Generally speaking, slip-iung induction motors can be used for 
the same classes of service as D.C. compound motors, including the 
driving of lineshafts, generators, pumps, fans, compressors, lifts, 
rolling mills, winding engines and liaulages. Continuous speed 
variation can be obtained by means of variable resistance in the 
rotor circuit, but this method is wasteful and the speed corre- 
sponding to any particular value of resistance varies with the load ; 
also, the motor will race if the resistance in the rotor circuit is too 
high when the machine is being driven as a generator by a de- 
scending hoist-load {see Fig. 276, § 681). 

Slip-ring induction motors are built in sizes up to 11 000 H.P, 
or so, for direct supply from 2 or 3 ph. mains at pressures up to 
11 000 V. 

The control of slip-ring xnotors is discussed in §§ 724-726. 

684. Double Squirrel-Cag^e Induction Motors — These 
machines which are sometimes called current-displacement motors 
or Boucherot motors (after their inventor), have in effect a double 
squirrel-cage winding on the rotor. Often two separate wind- 
ings are actually employed, hut sometimes the winding consists 
of single bars reserubling a dumb-bell in cross-section. In 
the latter case, the outer portion of the conductor, near the 
peripheiy of the rotor, is of smaller cross-section than the inner 
portion and is connected to the latter by a thin web of metal, the 
complete bar being of aluminium cast into the deep and specially- 
shaped slots. Whatever the details of the construction, the basic 
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the inductive resistance or reactance (Stt/X) of the latter decreasing 
with the frequency of the ctirrent (§ 44, Tol. 1). At full speed, 
when the frequency of the rotor current is only a few cycles per 
sec,, the greater part of the current flows in the deep, low-resist- 
ance bars. The advantage of a high-resistance rotor winding at 
starting is thus combined with that of a low-resistance winding 
during normal running. The utilisation of the current-displace- 
ment principle involves some sacrifice of power factor, efficiency 
and stalling torque as compared with an ordinary squirrel-cage 
motor. 

The transfer of the induced or ‘slip’ current from the outer 
to the inner winding occurs naturally and continuously as the 
frequency of this current decreases, i.e. as the rotor accelerates. 
Acceleration is therefore smooth and continuous from stand-still to 
full -speed if the motor be started on full voltage ; if star-delta or 
auto-transformer starting be employed there is, of course, a sudden 
acceleration at the moment of changing from reduced to full voltage. 
The lower starting current, compared with that of an ordinary 
squirrel-cage motor, makes the double squirrel-cage type more 
suitable for starting on full-line voltage, and the high starting 
torque is generally an even more valuable consideration. 

Table 120 shows typical data for a commercial range of double- 
squirrel-cage motors with two independent squirrel-cage windings 
of copper bars. From 0*7 to IT times full-load torque is obtained 
with from 1‘3 to 1'75 times full-load current in the star position of 
star-delta starting. 

Table 121 compares the starting performance of squirrel-cage 
motors with two rotor windings, with those of ordinary squirrel- 
cage motors and slip-ring motors respectively.^ 


The data in Table 121 may be compared with the following figures given by 
Prof. Dr, P. Nietbammer in Z.d.V.d.Lj Vol, 74, p, 1200. These figures show the 
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load torque (c/. 120 % plain squirrel-cage motor), corre- 

sponding to a pull-out torque cbt fvM voltage, delta-connection of 
2*4 tinaes full-load torque compared with 3*6 times full-load torque 
for the ordinary squirrel-cage machine represented by Fig. 278. 

A single squirrel-cage winding with very deep bars gives 
characteristics resembling those of a double-winding machine, the 
effective resistance of the bars being increased by current displace- 
ment during the stai’ting peidod, but the desired characteristics are 
developed more definitely by the use of two independent windings. 

The applications of double squirrel-cage motors include the 
driving of compressors, grinding and pulverising machinery, belt 
conveyors, and other machines requiring a high starting torque. 

The notes given in §§ 724-726 concerning the control of ordinary 
squirrel-cage motors are equally applicable to double squirrel-cage 
machines. 

68s* The Richter Induction Motor. — In the double squirrfel- 
cage induction motor of the Boucherot type (§ 684) high starting 
torque and high efficiency during normal running are obtained by 
current displacement from one rotor winding to another in parallel 
with it. Substantially the same I'esult is obtained in the Richter 
induction motor by a transfer of apparent resistance from one 
stator winding to another in series with it. The rotor is phase- 
wound but permanently short-circuited; no slip rings are required. 
The stator windings consist of a running winding wound for, say, 
8 or 4 poles and a starting winding wound for a vsmaller number of 
poles (4 or 2 respectively). The rotor winding has a high resist- 
ance with regard to the starting winding on the stator, and a low 
resistance with regard to the running winding. During the first 
stages of starting, the field due to the starting winding predominates 
and the motor develops a high starting torque. As the machine 
accelerates, the voltage drop across the running winding increases 
and that across the stai'ting winding decreases. When the motor 
has reached the speed corresponding to its running winding, the 
P.D. across the starting winding and the torque developed by the 
latter are very low ; the starting winding may therefore he short- 
circuited. The machine then runs as an ordinary induction 
nrotor . 

As usually designed, tlie’ Richter motor can be switched straight 
on to the supply, and the starting winding is short-circuited auto- 
matically when the machine is up to speed. 
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is obtained on changing over from the high-speed to the low-speed winding. 
Combinations giving speed ratios tip to 6 : 1 have been used for driving express 
lifts in America."^ 

The H.P. rating of pole-changing induction motors is innch 
reduced at the lower speeds, typical ratings being as follows : — 

75/30/15/5 H.P. at 1 200/900/600/450 r.p.m. respectively. 

100/58/26 „ „ 580/480/360 

120/60/25 „ „ 480/360/240 „ „ 

1950/580/265 „ „ 1800/1200/900 

In the case of wound-rotor machines, speeds intermediate 
between those given by pole-changing can be obtained by inserting 
nioi'e or less resistance in the rotor circuit, but this involves 
rheostatic losses and the speed then varies considerably with the 
load. 

Both the efficiency and the P.F. of pole-changing motors are 
lower with the low-speed than with the high-speed connection, 
and the decrease in P.F. at fractional loads is particularly serious 
with the low-speed connection. 

687. Three-Phase Commutator for P.F. Correction and 
Speed Control. — The principal of P.F. correction in 3-phase in- 
duction motors hy means of a 3-phase commutator or exciter may 
be explained by reference to Fig. 279, in which A represents a 
winding similar to tliat of a D.C. armature, B represents three sets 
of brushes electrically 120® apart, and C represents a laminated 
iron ring completing the magnetic circuit but carrying no winding 
(see also Plate facing p. 236, Vol. 1). The brushes are connected 
to the rotor slip rings of the induction motor whose P.F. is to he 
corrected. 

Suppose that the brushes are fed with 3-phase current at a 
frequency / cycles per sec. The current in the winding produces 
a rotating field turning at an angular speed a) = 27r/ radians per 
sec., and, if the winding is stationary, this field cuts its turns and 
produces a back-E.M.F. proportional to co. If, however, the winding 
be rotated at speed co in the same direction as the rotating field the 
latter will no longer cut the turns, and there will be no induced 
back-E.M.F. In other words, the eftective self-inductance of the 


* The design and application of these special machines is dealt with in a paper, 
‘ A.C. Elevator Motors of the Squirrel-Oage Type,’ by E. E. Dreese, Jour, Anur. 
LE.E., Jan., 1929, p. 32. 
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the current collected by the brushes B will equal the frequency of 
Blip of the main rotor. A constant E.M.F. is thus applied to the 
rotor winding of the main motor at the frequency of slip of the 
latter, and the phase relation of this E.M.F. with regard to the 
E.M.F. of the rotor can be varied by shifting the brushes B, In 
other words, the P.F. of the main motor can be regulated. 

If a second set of bruslies be provided, as at h, and the phases 
of the main rotor he connected separately to B^b^ and 
the speed of the main motor can he regulated hy altering the 
angular displacement between the seta of brushes B and & (§ 728). 

The magnetisation of an induction motor, and therefore the 
power-factor ‘ compensation ’ of the machine so far as the main 
supply circuit is concerned is effected with lower kYA in the 
rotor than in the stator circuit. The ratio of the kVA required in 
the two cases is that of the frequencies. For example, it is only 
necessary to supply 1 kYA of reactive (magnetising) power at a 
‘ slip ’ frequency of 2^ cycles/sec. to obtain the same compensation 
as would he effected by 20 kVA at the supply frequency of 50 
cycles/sec. in the stator circtiit. If the 1 kVA were generated at 
2^ cyclea/sec. hy an auxiliary alternator, the latter would he as 
large as tlie machine requix-ed to generate 20 kVA at 50 cycles, 
hut a mucli snialler commutator machine of the frequency-changer 
type suffices to transform 1 kYA supplied at 50 cycles to 1 kVA at 

cycles/sec. 

688. Auto -Compensated Polyphase Induction Motors. — 

The machines here considered are polyphase induction motors in 
which power factor or phase correction is effected by devices 
incorporated in the machines tlxeinselves, as distinct from the use 
of static condensers, pliase advancei-s, or other auxiliary equipment 
(§ 160, Vol. 1, and § 728). In the oi’dinary induction motor, 
current for magnetising the machine is drawn from the A.O. 
supply mains, and as this current is lagging it lowers the P.F. of 
the machine particularly on fractional loads when the wattless 
magnetising current remains practically constant, but the ^ wattful ’ 
current is reduced (see Fig. 274, § 681). In any case there is 
a certain unavoidable dissipation of energy in magnetising the 
motor, the Pi? loss in the exciting windings, but the wattless 
kYA required for excitation decreases with the frequency of the 
magnetising current and is zero when this frequency is zero, i.e. 
when D.C. is used, as in a synchronous motor. If an induction 
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motor be excited by current ^^encniit‘d sprriHlly for tin* pur|)use. 
instead of by current <lra\rn fnmi iho AA\ nimm, itM IM«\ ^vifch 
regard to the latter is tinity. Alst^ tie* lower tie* fretjutaicy of 
the inagnetiHing current, the lower tin* k\ A r**»|uire(l for th© 
purpose; in other word.s, it is preiVrnhIo lo iiuigiiotjMo tlo* uiHehlne 
by current at the low frequency (jf ‘Hlip' i tJK I ; rnthor ihim by 
current at the full Hupply rnM|ueiu‘y. If tie* e\eitHt b ni ho oHheied 
in the Hecondary circuit (unnally the rot or u fijo r«*aetive power 
required etpialH (.v / 100) x prinuiry reiuiive powor, when* Hm 
percentage Hlip ; the e<pu]>ine.nt n‘qtnre(i to etlbet the iiiiigtiefei- 
sation Is therefore mnaller and (dicnper than it would hi^ if th© 
excitation were supplied to the prinuiry cirt*uit. IIuh a'^NUnmn 
that the magnetising 1< V A, an*. geiu»nitcd ai tin* Hupply rriM|rnmey 
(say 50 cycles) and converhul to the tVniuencv td’ •'^lip imy 
cycles) by a fre(pitmcy-chHnging comnndator. If the inagiitqiHii^r 
k7 A were generated at 2| cyclcH by nti aliornnt^a; Iho latter would 
have to be as large as the alternator nHpiired to gtui«»rato tin* equiva* 
lent (greater) luagnetising kVA at the supply froquonrv, 

Where a separate pluise ailvancor is I'juployod, niagticfising 
current at the low froqutuicy of sli]) is Hupplioil to t ho MtHouniary 
circuit of the induction .motor by an ntixiliary tiiarlun<*. It in tpiitfs 
practicable, howevoj*, to Incorporatt^ th<* <*xc!tor with flu* umtoq 
utilising the magnetic circuit of the latter, and IliH is nimpli'r and 
cheaper than tlio use of an auxiliary exciter. parttcnlaHy wlicre 
motors of low or medium H.lb are coiiccrntwl, hudtiontally. entn- 
pensatiou is specially desirable in hucIi miuthim^H, For the principal 
cause of low P.F, in most A,C. supply systeiuH Urn in Hiinill induc- 
tion motors operating at fractional loads. 

The primary and secomlary winditigs of any iiiduction motor 
(usually on the stator and rotor n*spcctivt*Iy) can In* iijicrcliiinged 
if desired, the A.O. supply then boitig ft^I to ii pliHst^-wnund rotor 
through slip rings, and the stator carrying a s.piirnd cag.* winding 
or a phase-winding with provision for iiiHiU-ting starting roHiHtance 
between the several phases and the star point, Tho principtn of 
auto-compensation is equally applicable to either Hrning(‘nii*nt of 
the motor, the commutator foedixig inagimtising curnuit iit slip 
frequency to the secondary circxiit of the motor, Tlin advaiitaga 
usually claimed for the rotor-fod inachhm arc tliai tht^ cotmiuitator 
issmallerand sparking is less than with thoHtator-fod arrangement; 
a rotor-fed machine cannot be connected <liractly to high voltage 
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supply, but this point does not arise where small machines are 
concerned. 

In the Heyland compensated induction motor, the main A.O. supply is to the 
stator, and the rotor winding is equivalent to a squirrel-cage winding and a com- 
mutator winding, the latter serving to excite the machine and being fed at network 
frequency through the commutator brushes. In the Osnos motor,* on the other 
hand, the main supply is fed to the rotor through slip rings, and the stator winding 
(which is now the secondary) is excited by current taken through a commutator 
from an auxiliary winding on the rotor (see also Figs. 292,/, g, and Table 124, § 695). 

Many different forms of compensated induction motors have 
been evolved. Usually the phase correction is not operative during 
the starting period, and in that case the starting current of the 




Fig. 281 . — Stator-fed compensated induction motor with auxiliary stator winding 
supplied with magnetising current by an auxiliary winding on the rotor. 

compensated motor is Telatively heavier than that of a non- 
compensated machine. 

When running at normal load, a compensated induction motor of unity P.F. 
absorbs a current == J cos <p ; where I is the current absorbed at power factor cos 
by an uncompensated induction motor on the same load. In other words, the 
current required by the compensated machine may be from 0*8 to 0*9 times that re- 
quired by an ordinary induction motor on load. During the starting period, however, 
the compensated motor generally absorbs the same current as an ordinary induction 
motor, and whereas this may be IJ- times the normal full-load current of the ordinary 
induction motor if the latter is a slip-ring motor started on full-voltage against full- 
load torque, it will be li/cos <p or from 1*4: to 1*6 times the normal full-load current 
of the compensated motor, and special allowance may have to be made for the 
relatimly heavier starting current of the compensated machine. 


* The British Thomson Houston Co.’s ‘ ISTo-Lag ’ motors and the English 
Electric Co.’s * Kosfi -Leading ’ motors are of the rotor-fed type, which was oigin- 
ally proposed by Osnos. Various practical difficulties have been overcome* 
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Tlie coimectioiiH of oiiti fonii nf stator fi-'l r..iniH'iisitlo«l iuiluc- 
tion motor with a lua^niotisiiij' wiiitliii}' oii tho statMi- m-o shown in 
Fig. 281 . 

The ‘All Watt' coiniwiisntisl iinha-tioii motor, nm,!,. hy the 
General Electric (.h)., litd (Loinloii), is of tho Tor.la tyjM- ntnl is 
esHentially a conihiiiatiou (jf an iiwliictinu motor with a la-hhine 
phase advancer (§1(>(), V^"l. •)• shown .iiagriuauinlioally by 
Fig. 282, the machine is a .stutor-fed slip ring motor with an 
auxiliary low-voltage wimling and ciinimtitatnr nu tho rotor, 
The motor is started as an ordinary .slip ring miichine with the 



Fio. 282. — Ooaneotioas of G-.K.C. ‘ All Watt ' »tiat»r4<sd 
indwotioii motor. 


compensator out of action, thus avoi<Uug the sparking whicli would 
occur at the brashes owing to tlie high voltag«« and ndativety high 
frequency during the starting porhxl. When the motor is up to 
speed the rotor slip rings are switched on to the cniumutatoj’ hrusluw, 
and the machine is self-exciting. Its P.F. is practically unity at 
all loads from | to times full-loa<l, and about ()’7 at M 

compared with, say, 0-82 at l^-load, 0-7H at |-load iiiid OA at 
J-load in an ordinary induction motor. 

The connections of a rotor-fed conrpensated induction motor 
are shown diagrammatically in Fig. 288. The spued of the rotating 
field produced by the main winding on the rot<ii’ fcoiincfltxl to the 
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slip rings) in constant with regard to the auxiliary winding con- 
nected to tlie coiinnutator. The E.M.F. induced in the auxiliary 
winding at network trequency by transfoiiner action is therefore 
independent of the actual speed of the rotor, hut the frequency of 
the current produced in the external circuit by this E.M.F. is con- 
verted by the action of the commutator and brushes to the frequency 
of slip, i.e. to the fre(|uency of the current induced in the stator 
winding. Altering the setting of tlie brush rocker changes the 
phase of the E.M.F. at the brushes, and thus permits the P.F. of 
the machine to be adjusted. Motors of this type are made in sizes 
up to about 2 000 H.P. and for dii*ect connection to supply pressures 
up to 1 000 Y. 

Auto-compensated induction motors ‘are started in the same way 
as ordinary squirrel-cage or slip-ring induction motors as the ease 



283. — Kotor-fed compensated mduction motor. 


may be (§§ 723, 724). An incidental advantage of the compensa- 
tion of P.F. is that the pull-out tonpe of tb,e machine is increased 
by about 25 7o- 

689. Single-Phase Induction Motors. — Structurally, the 
single-phase induction motor resembles the polyphase induction 
motor (§ 681) except that the stator has only a single-phase main 
winding on the stator. When supplied with single-phase A.C. 
this winding produces a pulsating flux, i.e, a flux which varies 
from a positive to a negative maximum value along a stationary 
axis (that of the stator winding). When the rotor is stationary, 
the pulsating fi.eld of the stator winding induces equal and opposite 
currents in the two halves of the rotor winding, and there is no 
resultant starting torque. Suppose, however, that the rotor is 
running at synchronous speed (60//p r.p.rn., where / = stator 
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supply frequency in eycloH per .sec., au<l p lininlHT 4>|' pairs of 
poles in the stator), the conditionH urn then as tMiiuws : 

The rotor winding may be conHid<‘mi m rtun'inttrnerd ruilx. 6^, at 

right angles to each other (Fig. *iH4), An KM.R niny In* m of thw® 

coils in either or both of two ways, vii. hy iisluothnt ftian-dornoT frciin tb® 

stator winding or by rotation (goiuMutor iwtbm I in tlt«^ fUdh by thi> Mtafcof 

winding. Suppose that, in the Htdnuul illuKtmtiuii fib ihi- {iii\ dur to tli*» 
winding is a maximum. The rate <»f rhango t>f tho tint Ih^iik niMiurntju i l> /intt tii»» 
is no E-M.F. induced in aa and, iw an in nnwitig |mmllfl t«* tbo l!u\ at t Iji i im-iuDnt 
there is also no E.M.F. of rotation gcimrahsi at IIin nunin nt. ’i'hf fundttjojumj^ 



therefore represented by the point a in tlio lower [.art of Ki^. UH4. A tiunrterol 
a cycle later (the oj^le here referred to being tiiat of th,. HtaUir »i.ii,.Jyj Oic ttaiot 
flux 18 zero, see (II), Pig. 284. As the rotor is nmn>iiK:..vtii-}.ion..u,.ivl by hyiiotheds, 
the coil aa will now he m the position shown. Tli.i K.M.K. inilufisrin na is now 
zero because the coil is perpendicular to AA j and tiui R.M.IA „f mtotion Is jwo 

mum (at a position a a), to a zero y during ouo^martor ol a rv-flii of tiie sUx 
oment’ iL^rent lwi<*» tlialiof the sMol 

four tLes Z revoluMou ^ i “ lower diagram. Tim current «„ !« a naaiaiw 
is zero, ’ when the flux AA Is a (naxinuim and twice whsnlt 
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If the number of turns, on stator and rotor be equal, the E.M.F.’s in each 
are equal, but the rotor current is only half the stator current I ( ~ Ej(27rfL)) for the 
rotor frequency is twice the stator frequency. When the coil aa is in the position 
shown at (I), Fig. 284, the current induced in it opposes the stator ampere-turns and 
the resultant field is ^ In. A quarter of a revolution later, when aa is in the position 
shown at (II), Eig. 284, the stator field is zero but the rotor ampere- turns 
producing a resultant field of the samo strength as before but in a direction at right 
angles to the resultant field in (T). Continuing this reasoning, it will be seen that 
the combined efioot of aa and *4A is to produce a uniform rotating field, when the 
rotor is running at synchronous speed. 

The case of coil hh can be considered in the samo way, this producing torque 
when the torque developed by aa is zero. 

From the above it will be seen that there is a uniform rotating 
field in a single-phase induction motor when the latter is running 
at synchronous speed. Actually, the rotor must run at slightly 
lower than syiiclironous speed, the difference between the syn- 
chronous and the actual speeds being the 'slip’ (§ 681). At less 
than synchronous speed there is still a rotating field, but it is no 
longer of constant strength and, with the rotor stationary, we 
reach the limiting case of a unidirectional, pulsating field. 

An alternative method of considering the action of a single-pbase induction 
motor is by regarding the single-phase pulsating field as being the resultant of two 
fields rotating in opposite diroctions at equal speed, each having a constant magni- 
tude equal to half the maximum value of the single-phase field. This way of 
looking at the problem facilitates the derivation of the torque curve (§ 730), but 
although the hypothetical oppositely rotating fields arc mathematically equivalent 
to the actual field, they do not in fact exist. 

In order to start a single-phase induction motor, it is necessary 
to employ auxiliaiy means to set up a rotating field. One metliod, 
the ‘split-phase’ method, of doing this is to provide a starting 
winding in the stator, the axis of this winding being electrically at 
right angles to that of the main stator winding. The single-phase 
supply is connected to both windings (in series or in parallel, 
according to the method employed), and as nearly as possible 
90° difference of phase is produced between the currents in the 
two windings by one or other of various alternative connections 
of resistances (or condensers) and inductances. The machine then 
starts substantially as a two-phase motor, and the starting winding 
is disconnected when the rotor is up to normal speed (see also 
§§ 690, 730). 

The direction of running of a single-phase induction motor 
depends simply upon the direction in which, it is started, i,e. upon 
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the direction of rotation of the field jiriNhiccd hy the main and 
starting windinffH. Revorsoil rotation is oftfainoi! hy rovimNingthe 
connections of either the starting or the numing win.iing (hut not 
both). 

The speed of a singlo-pluisr slip-ring nsitor fan hi> varied bv 
inserting more or leas nmstancet in thi' rotnr rir<'ui< hut the 
efficiency decreases rajuMly ns the .sliji itirreaseH, ninl the motor « 
liable to .stall if the spm'.ii ho redurod uioro than l.o fn 20 "/ bj 
this means. The maxiimini tonpie dfort'it.scN ns th<' resistHtice is 
increased. 

The older types of single-phase induction lutitor dcvolopcd veiy 
low starting tonpies, say 10 to 15 , of ftill-load ionpie with 

li to 2 times fnll-load eurnmt in the case of H.|uirn»l-oam 
machines, and about 20 of full-load tonjue with 1 to IJ time* 
full-load current in the casti of slip-ring ntotors, Th»' nonnsl 
operating characteristics are generally Hiiiular to tlowe for .'l-phase 
induction motors (Fig. 27d) hut the I’.K. at full-load is about 
3 % lower, and the efficiency about 5 h iwer tiian ft ir a :l-phaae 
machine (seeaiso Figs. 247, 2.50. 251). "'ri.e outj.ut of an f.rdinsrv 
8ingle-pha.se induction motor is usually from twft-thirds to three, 
fourths that of a polyphase motor of the saine diiinutHtniiH. 

The better characteristics obtainable hy using a pole-changing 
stator in conjunction with a dual-rosistanee rotor are noted in 
§ 691 (Parkinson ‘ Tork ’ Motor). 

A standard d-phase motor can Im used on sii»gl...j,hase supply, 
two methods being illustrated in Fig. 2K«.* In tint method 
represented hy the left-hand diagram, the switch S is opemK] after 
the motor has been brought up to speed, thus dis<-onm.cting the 
inductance L, resistance R, and third-phase (f. The methwi ghowa 
by the right-hand diagram uses an auto-transformer T and a eon- 
denser K connected as shown to phase A or H (according to the 
direction of rotation desired), and left permanently in circuit. 


J.H.f. motor ,t*rtod try «* 
and the PF 0->u et A “Parting. Tha emcleniiy wai M7, 


*See also for further methods ‘Operation of Polypha 
Phase Supply, G. ‘Wiadred, El. Rev., Vol. 98, p. 627. 
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Whereas the starting winding of the ordinary single-phase 
motor, with ' split-phase ’ starting, is disconnected as soon as the 
machine reaches full-speed, a special condenser-type single- phase 
induction motor (§ 690) has been developed with two stator wind- 
ings, both of which, are in circuit as long as the machine is 
connected to the supply. A static condenser connected perman- 
ently in circuit enables the motor to develop a relatively high 
starting torque, and improves the P.F. of the machine during 
normal operation. Where specially high starting torque is re- 
quired, extra condeuvser capacity is employed and part of this is 
disconnected automatically after the machine has accelerated. It is 
claimed that these motors can be "plugged' and reversed from 
full speed at any load by the use of a 3-pole reversing switch. 
Owing to the fact that tlie condenser-type single-phase motor is 




Fig. 285. — Operation of polyphase motors on single-phase supply. 

capable of developing the same torque as a polyphase motor with 
about 70 7o ^he current, it is specially suitable for switching 
straight on to the mains. Its applications include the driving of 
lifts, hoists, machine tools, a variety of reversible drives, and also 
variable speed applications in the nmaller sizes. 

Motors of this type are built in sizes up to about 30 H.P. for 
synchronous speeds from 260 to 3 000 r.p.in. on 50-cycle supply. 
The P.F. correcting effect of the condenser is specially valuable in 
the case of low-speed machines. 

690. Split-Phase and Condenser-Type Single-Phase In- 
duction Motors. — As usually arranged, the split-phase single-phase 
motor has a squirrel-cage rotor and a 2-phase winding on the stator. 
The connections of the latter are shown diagrammatically in Fig. 286, 
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A being the main or rnnning winding jiii.i /( n stm-fitig winding T 

order topnxlnce pliaso (ji.s]ilac(>ni«*nt Itctwccii th.* J 

B, thus producing the efii'ct of ii 2-pInis.> supply and 
a rotating resultant ii(dd, tlin /f cin-uif (■i.ntuiiis n ridaiivcly hiaf 
non-inductive resistaiua^ /i. (hnifnilly, B is pn.vid.'d bv*usin, 
finer -wire for the /f wi»iding iimn for .1 . 'I’lu' r.itm- having 
brought up to running .speed byf.lie rnf nting fi-ld niHintained durin! 
the starting period, tlie .switcli ,s' is opened nmually aiibiiuatieally 
by a centrihigal diwicci) and the motor eontimies to run in yjj 
pulsating single-phase fi(dd prisiticeii liy the winding .1, p’of 
2-pliaHo operation duritig .starting, the angle f>. l*’ig, 'i.sii, hIiouIJ 
he 90 , hut this cannot l)e uhtaiiKsI .siiiipl_\‘ liy inlding resistance in 
onepha.so. The amjiere-tunis in ,1 l«.ing tived l,y tlie (hwjpjf 
the machine, the starting tonpm inereases with tlm amperc-tumi 
of .B, which may ho inerioistsl Iiy reducing the muidier of turns in 
B (because varies inver.s(dy with tin- s.pinre of this tmtnlMrof 

turn,s,i, The resultant 
<’un’ciit also iiicroaaea 
as //I is itiereaNtsl. A 
starting ttinpie i>f IJto 
2 times tull-hnul tor()ije 
can be obtained, but the 
starting current is 2 
to 2i fime.s that of 

n .'l-phiiHc s<|uirrul-cage 

iiiotdir. 

If a condeiissor be uHod itintead (jf roHjHtaiH!** M h'itr 286 In 

series with the .starting winding, the plnnte angle m„ }m mU 
nearly 90“. The .starting tonjuu for given valm-s of / in tte 
increased and the resultant current, Istsides being .smaller thati 
before, is also nearly in phase with the voltngm OA’. In other 
words the starting torque per ampere is incTCHsci, as compareij 

with the ordinary apht-phase motor, ami tli« I'.F. of tlie machine 

whilst starting is nearly unity. The condenser, or part of it 

P.F of the machine on full-load; if <Uwimh fcln^ P,F, mri Ihufih . 

PF abnv^^ j'^ft'lvisahle to raise tiie correolsd 

P.F above about 0 95 lagging (see Pig, 45 , S l«f), Vol. 1). 

The characteristics, design and construction of tl.e condeMW 
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Fig. 286.- 


-Diagrammatic reprosontatlou of uplit' 
phase 1-pli. motor. 
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type, aplit-pliase, Bingle-phase motor are lully discussed in a paper 
by B. F. Bailey,^' from which the following notes are extracted: — 

The condenser-type single-phase motor develops about the same starting 
torque as a polyphase induction motor with about 70 °/^ as much starting current. 
The starting torque can be increased, if necessary, by reducing the number of turns 
in the auxiliary winding; but, generally, the motor will develop sufficienb starting 
torque when the auxiliary winding has more turns than the main winding, and 
a smaller condenser can then be used. By choosing a suitable capacity for the 
condenser, the currents in the two windings of the stator are made practically in 
quadrature and their resultant (the lino current) may be in phase with the line 
voltage; the motor then operates internally as a 2-phase machine, but at unity P.P. 
single-phase so far as the supply is concerned. 

With a condenser of that capacity, which gives best all-round performance of 
the motor under normal load, the starting torque is about 50 of full- load torque. 



Horse Fov^er 


Pia. 287.— Oharaoteristio curves of condenser- type single- phase motor. 

Rating: ^ H.P., 1800 r.p.m., 1-ph., 60-cyoles, 110 V. Capacity used 10/xl?’. 
Pull-out torque 282 Max. locked torque 320 Locked current 12-2 A. 

This is sufficient for such loads as fans, centrifugal pumps and grinders, but, for most 
purposes, a larger capacity is needed during starting than during normal operation. 
If the condenser used during starting lias several times the capacity of that used 
during normal running a starting torque of from 2 to 4: times full-load torque can be 
obtained. The supplementary condenser, used in parallel with the * running ’ con- 
denser during the starting period, may he an electrolytic condenser, ‘ formed 
plates of aluminium immersed in borax solution. Such a condenser is cheap and 
its high losses are of minor importance because the condenser is in circuit only 
during the starting period. Whore only a moderate starting torque is required, and 
a relatively heavy starting current is not objectionable, a resistance may be connected 
in parallel with the ‘ running ’ condenser during the starting period ; the character- 
istics obtained are then intermediate between those of an ordinary split-phase and 
a condenser-type motor, using a supplementary condenser for starting. 


El World, March 24 and 31, 1928, pp. 597, 647. 
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111 th typical cano, iiui best nil naiiMl pn fnimuiii c t.f it It.}*,, } M(K)ro 
(lO'Oyclo, 110 V coiuU'nsi'r iiintur was MlttmiHnl ii 

12fAh\ hnt the cUaraciidriHiics were nearly usijerHl with hi«/'. t»,HT *5 

charactomticH of Huch a motor; the fulMeiol etbeiem > ut VJ ; lUit! pmer factor f 
0*86 are romarkablo in so small a marliim*. ^ 

Figs. 288 and 289 show the usual nuigi's of mhrh*iu*t ami |si\U‘r factor of 
split-pbasG and ropulsioii-iiiduction mofers, toKotlmr utfb the ‘‘♦^rrrHjHualiug 
for coiidenser-typo motors. By lining larger vmu\vmvi^ tie* t*.F. of tlie mdmm 
type motors can bo made unity m* leading. In pnolme Uie inuters tif 
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effioienoy havo uaually Hiu j.»ww fiwU.i- ; nu.l ,t ^^ill 1». u,»t a,, 

product of effioioucy by power f«,cUip|« from o t,. lij tint..,, anf-r.'iU (..r .'..iideDut. 
type motora as for ttio worKt luotora of tlu. otli.T Iw.. t.vj.-N, I„ werf. tb, 

current ooasuuiption of a csoiideniwr-tyiMi motor mny t.- .'Hi. ■»» ,.r „v„ii as"/ of 
that for a apht-phaso or rtipuIaicu-iHduotioii moti.r «f iK.wor. Tit 

supply authority is mtovoHtcd in tbo Uilol l•m•n.Ill (vRrviiiii Invemlj 

the t™« fwtt effloiciKiy by power factor), wl.il., i.’ i„u,r«.t«i ta 

the true (Wh) energy ooiiaimiption (varying iiivoriwily with tt.., ..Ht. ii-iiry). 

Table 122 compai'es the Imidinf. (‘l»inicti>riMtit‘M i.f a (•.mdenHer 
motor with the correnpoiulin^r data for tl.e Imat r.-indMhai.ji.ductioo 
and aplit-phaBe niotons testiHl by B. F. Hiu|{*y.^ 

The eondenser-type Hhi^rle-phaHe ia ii,.|irly ..qiwl to 

2-pha8e motors m efficiency and Hiiperinr to the.,, in power 

nrlTf’ I-phuHo taotorH i,t all rmpecte; 

and It 18 inferior to repulsion-induction motom in Htarti.m torque 

must be added'^th ff * inacliiuc, to whict 

e added the cost of tlie condenHer, niakini' the total cost 
rather more than that of the repulsion-h’iductil.n n.tll t 


*El Wmid, Harch 24 and 81, 182H, pp. 587, (147 
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Table 122. — Comparison between Split-Phase, Repulsion- 
Induction, and Condenser-Type Single-Phase Motors. 
Rating : i; H.P., 1 800 r.pan., 110 V, 60 cycles in each case. 



Split-Phase 

Motor. 

Eepulsion- 

Tnduction 

Motor. 

Condenser 

Motor, 

Efficiency, full-load, 7o 

54 

64 

75 

Power factor, full-load, , 

CO-5 

66 

86 

Apparent efficiency, full-load, 

32-C 

42*2 

64-5 

Eull-load current, amps. . 

Locked torque, “/o full -load torque 

5-15 

4*0 

2-64 

186 

361 

367 

Locked current, amps. 

81*4 

10*8 

16-2 

Starting efficiency ,+ °/o • 

Pull-out torque, of full-load torque 

10-4 

58-6 

38-3 

217 

285 

225 


* Apparent efficiency : = actual efficiency x power factor / 100. 

t Starting efficiency - 0* 142 (torque, Ib.-ft. x synclironons r.p.m.) / volt- 
amperes. 

the other hand, there are the superior performance and the quieter 
running (due to 2-pliase operation). 

691. Parkinson ‘Tork’ Sing:le-Phase Induction Motor. — 
This motor is characterised by its high starting torque per ampere, 
obtained by means of a pole-changing stator and a rotor which 
has high effective resistance when the stator is connected to 
produce the larger number of poles for starting. During normal 
running, with the lower number of stator poles, the rotor has 
a low effective resistance. The stator winding is in four sections 
with four leads to a three-position starting switch and resistance 
for small motors ; a more elaborate starter and an auto-ti-ansformer 
are used with larger machines. As explained later, the function 
of the stai'ter is: (1) to connect the stator winding to produce an 
increased number of poles, while using part of it as a starting 
winding to set up a rotating field; (2) to disconnect the phase- 
splitting resistance used during the starting period, and to re- 
connect the stator winding so that the whole of it is used for 
normal running with a reduced number of poles. According to 
the value of the phase-splitting resistance, the motor is capable of 
developing from half full-load torque at starting with times 
full-load current, up to from | to 1 times full-load torque with 
twice full-load current ; these figures correspond to about three 
times the torque per ampere of an ordinary squirrel-cage single- 
phase induction motor, and about twice that of a slip-ring machine. 

103 



§ 691 


KI .FX 'rUK ’ A L KN( il N F-KU I N( i 


IMIACTK'K 


The rotor of tho. ‘ Tork ’ motor rloMoly rrsoml.l.-s iloit of n Hijuirrel- 
motor with f)aro («,on(!\iotor.s. 'I'li.- lutt.T arr .-unii.rt.Ml nt one 
end by a Hhoi-t-circnitinji riof;, iim uhuhI ; hut. ;U tho other «nd, 
Hpocial coimoctora ‘iiro UHtul hotwrou individtial luua \ stt hi^. 2tK)], 
The distribution of rotor curreiit.H is such that a ituiuhcr of these 

connectors are in aeries (luriiio: start iuo. t!>us aihiiio us hioh-reaist. 

ance end rinjis. In the Inrocr inachincs, a wouii.l rotor is uwl, 
with aUivrincpi and (external rcsisfanecs, loit no switchinji; is re- 
(^uired in the rotor circuit, the rotor <’ui rents hciiio diverted 
electrically from tlie hioh-reHi.stnnce to the low -resist, •uiee path 
when the ninuber of poles in tlie .stator is cltaiioed lu order to 




6-pole Starting' 4 -pole Running 

Pig. 290.— Distiibutiow of rotor c«rrotit» iii ‘Turk ‘ iai»tur ilunuK awi 

runtnug. 


reverse the motor, it is only iioceHHury two of th« 

four leads between stator aiRl starter. 

The action of the ‘ Torh ’ motor may bt* ri»h»rini«u» tu Fig«, W 

and 291.* The first of these shows »a lO-bar wjuirnd vixt^o Iniot Imw aw w«6d 
in practice) with end connections between fourth shttwij ; llif» wlaliir wind* 
ing is connected to produce six polas for Bt4brti»g and $mr ft»r rtuitting. 

Consider the moment during starting when the Iwbr d k carrying tiiaxiiuttm cttittal 
from bach to front as indicated by a largo dot (roimtHiUtthig tho an ap- 

proaching arrow). At this moment, the bars i> and i/ cnunim’tfHl t«» .4 am cariylng 
current in the same direction though rather less in aimuiiit* tliunu hnw iu>t bii»g 
under the centres of their north poles N. In order to llml a wturii |mth from tbft 
front to the back of the rotor the current from A will liAvo hi fl«*w th rough th® 


* Reproduced from a detailed description and analywli of ilw motor in fh$ 
Electrician, July 17 and 24, 1925, pp. 59, 92, 
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connectors AD, DG, OJ, JCh and through the connectors AH, HE, EB, BI, 
IF, Currents from the other bars marked with dots (approaching arrows) follow 
equally circuitous routes to bars marked with crosses (representing the tails of 
receding arrows), i.e. the currents in the bars have to flow through a numher of 
end connections in series so that we have, in effect, a high-resistance rotor during 
the starting period. When running normally, however, with the stator winding in 
four-pole connection, the current from bar A can return 'via bars D and iT after 
flowing tlirougb single end connections, and similarly in the ease of other bars ; 
the rotor circuit is therefore of low resistance as in an ordinary squirrel-cage 
machine. 

With the 6/4 combination of stator poles for starting and running respectively, 
the maximum starting torque with 6 poles is approximately times that with 
4 poles for the same cui'rent, the number of stator conductors in series being the 
same in both oases. It would not he possible to obtain proportionately higher 
maximum starting torque by using an 8/4 combination of stator poles because 



Starting Running 


PxG. 21) 1. — Diagrammatic representation of stator connections in ‘Tork ’ motor. 

magnetic saturation would then be serious during starting. If it is not desired to 
take advantage of the incroasod maximum starting torque obtainable, a given torque 
can be developed with lower btartiug current than in an ordinary split-phase 
machine. 

The stator winding of a ‘ Tork ’ motor is shown diagrammatioally in Fig. 291. 
The winding is in four similar parts, with 13 and 57 in space quadrature with 
and 46. A phase-splitting effect is obtained by connecting a resistance B as shown 
during starting, the mains then being connected to 15 and 84. For normal running, 
the resistance B is disconnected, and the mains are connected to 3ii and 76. The 
number of conductors in scries remains as before, but the current flow in SI and 46 
has now been reversed. This reversal can be used to change the number of poles 
and the whole of tlic winding is used both during starting and during normal 
running. 

Typical data relating to a 3 H.P., 230 V, 50-cycle, single-phase, 
4-pole ^Tork’ motor are given in Table 123. 
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Table 128 . — l)at,a RelaUiuj ft* * Tf»rk ’ Hunjif induc^ 

(uni 




, 1 450 r. 

}hm,, 280 





Imd. 



t5>vv»*r 

F.it t*‘r. 

i 

' 'orrifnt 



sSpeed 

Edicituu’V 


lit 

Aiu|wrnii, 



liP.M. 

%• 





H.K 

Fraction of 
Full-Load. 



AUm«» 

W itb t*M}j 
d‘ ir'i'i , 

\hm 

VVUht!uu, 

d#tt3ier. 

i 


1 4U0 

1 00 

0-50 


7 *0 


ai 


1 480 

; 70 

0*74 



t V 

7*0 

o* 

r 

a 470 

i 7il 

0*H2 

tl-lH 


10*6 

3 

1 455 

7ilv5 

0*84 


15*5 

14*0 

Si 

li 

1 440 

72 

0*84 

iHtn 


17*7 


iv/r Compeasated Singrle- Phase Induction 

Motor. IluH inachiiiw has boini (lov<«li)jn>il uiuinly I’ur tnu'tion 
purposes. It operates at unity power laetor at iiU .spee.is uiid also 
during the starting porioil ; and it has a high ia-crhini! ciipiuiity. 
These results are obtained by using a doulde rotor, the auxilian’ 
one being aninilar in form and running roiieentriralh- with the 
main rotor between the latter and the atat.n-, 'rii.. Hingle-phaRe 
field of any single-phase machine may la* regarded as hidng the 
resultant of two elliptical fields rotatingin (nijiosite directioiw, One 
of these fields is the useful component, and the otli.-r is not only 
idle so far as concerns the driving of the machine hut actually 
antagonistic. The antagonistic field is travelling at twhs* syn- 
chronous speed (less slip) with regard to the rotor <-on«luctors, in 
which It therefore induces currents. In an ordinary singlo-phate 
induction motor the rotor resistance is sufficient to prevent comnlete 
compensation of the antagonistic field hy thes.* indurml currents, 
in the bchon-Punga motor, however, the intermediate rotor carries 
a squirrel-cap winding of very low resistance. This rotor runs 
wStw '“'"T Tf therefore no reaction with the 

antao'ri^i<at°”°^°”^^ i Currents induced by the 

antagon^tic component compensate the latter alnumt completely, 
a sviiciiT-n^ 6 intermediate rotor provides excitation as in 

"* 

Sinrfe^nh!ejr/°^T '’'''^th ail ordinary .S-phase winding, 

-phase supply at any usual frequency (say 50 cvcles/sec ) can 
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be fed to e-ithor tlio. Htatoi* or the rotor. Wlieii .supply is to the 
atator, tlie nmiii rotoi* niUH in the .same direction as the iutenuediate 
rotor, but wlion the Htip])ly is to the rotor the hitter and the inter- 
mediate rotor run in ^opposite <lirectionH. Reversal is therefore 
effected .simply hy intercduin^in^ tlie .stator and rotor connections. 
A nnmbor ol* different speed.s {e.g, 100, 86*5, 66‘5, 4-6-5 and 3*7*7 %) 
can bo obtaintsd Bcjonoinically by ca.scade and pole-changing con- 
nections. Regenerative braking at unity P.R. Ls effected when the 
locomotive drives tlui tootor at higher than the .speed corre.spond- 
ing to the connections in use. Tlie fact that the motor does not 
require a specially low supply freipiency, e.g, 16| cycles/sec., is 
one of its principal a<lvautHgeH. 

693. Dual- Frequency Induction Motors. — These are 
inachine.s wliicli nro capable of operating on either of two fre- 
quencies. Tliey are t^ssentially pole-changing motors (§ 686), but 
instead ol; utilising the vaxiabl© number of poles to obtain different 
speeds, the alternative numbers of polOvS are such that the machine 
will run at the satu<i .s])eed on either of two different frequencies, 
e.g. at a speed ol* I r)()0 r.p.m. (less slip) when connected as a 4-pole 
machine on 5()-(ycle supply or as a 2-pole machine on 25-C7cle 
.supply. Since the iidoption of 50-cycle as the primary standard 
oE fre<pi 0 ncy for electricity supply in this country, dual-frequency 
motors have been adopted in some instance.s for temporary operation 
on an existing non-standard frecprency pending the conversion of 
.supply to 50 cych^H. The special arrangement of windings required 
involves extra initial expense, and the product of eflSciency and 
power factor may be abenrt 5 7o lower than for a .single-frequency 
motor. As a sacrifice of efficiency and power factor penalises 
the user throughout tlie life of the motor, it is usually best to 
employ standanl single-freciuency machines de.signed respectively 
for the existing and standard frequencies. Where such a change- 
over may be necessary, the first motor should not be purchased 
until it has been ascertained that it will be possible to obtain a 
.standard-frequency machine of equal output and .speed, and the 
.same leading dimensions (diameter of shaft, height of centres, 
arrangement of fixing bolts, etc.). 

694. Cascade and Variable-Speed Sets. — Cascade (or con- 
catenated) arrangements of induction motors are used to obtain two 
for more definite speeds. Two motors are coupled mechanically 
together and the wound rotor of one machine is connected to the 
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Htatorwhiahijirorth.i hocoiuI. A<-iMir.linLr to vv i l,o ,.„nnttctiuiw 

are .such that tlu' iiiotorn triid (o run in ih*' '■iiiuo or in oiiiiooit 
directioiiN, the Hpct^d ol the (“oiijiloil luottirs is lil•(>■rIltillt'^| 1^- jijg 
HUiii or the ditFerence of the inmiher of p.iio'i iu i.jioh, ‘l„w ** 

than each oi those tw'o values cun he iihtiiiiiei! li\ iu-’ortino' vuriahle 
resiatanee in aorios with the wound rotor of th.*’ Hccond nmfor. If 
the numbers ol' of jioles in (he two luot.uN uro o _ „ y. 
aynchronouH speed ul tlie eonihiuution on u supply ol' I'retnu.iicv 
eycles/Hoc. is (>Of/(pi + p._,) with ifliYff cnscudino'. ,' ,1 witli the 
motors tendin^f to run in the smue direction; and i!nf',p 
with different-M casouliiiff. the motors then t.-mlino'to mt, h 

opposite directions. Fnrth,«r muv 1 hv i,si,u, 

pole-ehanirin^. windin^rn, hut the complieution is (hen u'serU.UH 
coriHideration. 

The Hunt ‘sinfrlo-field eus.side motor' is elcetrieull v and 

magnetically Identical with a .wad of two se’narate 

machines hut the two stator and rotor wind! n^^s of tl.o latter are 
replace, by single wimlings an,l there is only one n.agnetie cum 
l ie cost IS thus reduced, and the ellh-iency and I’.F, are impruvtd 
The stator win, ling cnnn.wte.l to the supply pr,„inces sav H poles 
and mdiices cuirrents in the rotor windings, whi.di are sourra iifed 
as to produce both an H-pole an.l a d-pnle eire..t. The K-pule S 

rnoU of the stator, and the 

4-pole rotor-fiehl rotates in the opp,«ite dinsdion and 11“ 

cuiTentH in the Htator wimlmi. utm ima mtimm 

rnoi-n 1* !■ HUMattW IH Ht t r*in| 

lain and slip-iroquency currents can eirmihite indeneiidentlv 
By using various arrangenumts ,>r wimlings. three or f.a.r .litfersjt 

speeds can be obtained efficiently from a single maelun., fusuallv 
within the range 3 ; n lnterriw.,li,.n. 1 ^ “ (‘wnally 

rheostatic control.* HlH-nds cnu Is- ohtaine,! by 

at higher PF than that of ■, • i " ‘'f spissis and 

p. 4 o 7” «.e Huat nmter, 
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ing to about 90 % the -slip-energy input, may be added to that 
of the main motor by coupling the machines mechanically, or it may 
be returned to the maiiiH via an asynchronous generator driven by 
the auxiliary motor (§ 728). The magnitude of the back-E.M.F. 
of the auxiliary motor determines the slip and therefore the speed 
of the main motor ; and the P.F. of the latter can be improved by 
advancing the phase of the auxiliary machine’s E.M.F. The size 
of the auxiliary motor is determined by the percentage slip, s, 
which it is required to produce in the main motor, but the same 
auxiliary motor cati vary the speed from s 7^ above to s 7^ helow 
synchronism, tluis giving twice the speed range, if the synchronous 
speed is at tlie middle of the range. 

The uses of cascade and variable-speed sets are restricted in 
practice to higli-power drives, such as rolling mills, colliery winders, 
large pumps, and so on. Further particulars are given in §§ 727, 
728; and the P.F. -load and other characteristics of typical asyn- 
chronous motors with self-excited and separately-excited exciters 
are given in Table 124, § 695, and Figs. 292 (d) and (e), the dotted 
curves in tlie latter case referring to increased values of D.C. 
excitation in the main machine. 

695. Power-Factor Correction for Induction Motors. 
Comparison between Types of Motors. — Typical values of 
power factor for itiduction motors are given in § 681, and condi- 
tions whicli iniluonco the actual value are noted. The P.F. of 
a mixed installation of induction motors on variable load rarely 
exceeds 0’7 and often falls to 0*4. The need for P.F. improve- 
ment in such cases is urgent; see Chapter 5, Tol. 1, which deals 
fully with the metliods, calcxxlations, and economics of P.F. correc- 
tion. In many instances, special types of induction motors operat- 
ing at high or leading P.F. can be used to advantage, e.g. 
auto-compensated induction motors (§ 688), condenser-type motors 
(§ 690), or synchronoxis-asynchronous motors (§ 696). 

Where ordinary induction motors are already in use and it is 
desired to improve the P.F. any of the methods described in § 160, 
Vol. 1 may be used. Static condensers are very convenient for 
use with motors of small and medium H.P., and they offer the 
advantage that the P.F. of the combination can easily be made 0*9 
or higher at all loads from about -J-load upwards. For average 
440 V, 50-cycle, 3-phase motors the condenser capacity required to 
raise the P.F. to 0'95 on full-load ranges from about 30 /zF for 
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a 5 H.P. motor to /)() /jlV for n 10 H.I’.. To fnr n 2:. [( f . i 
no fiF fora 50 H.P. motor, iiiiproxinmfrly. ' 

For lai-fro motor.s, 150 H.P. or ov.-r, ihr oso of .•locfroiimmietic 
phase advancers (§ l(i(),^, Tol. 1), or vari.mH 
dnction motor with an auxiliary cimiiimtator motor 
be considei'ed. A aerios-tyjjo phiLs*' advaiiror is .siihjrot to t[)j 
draw-back that the corniotiiifr or pha.si'-ailvaru'iiio droniafies 
with the load on the motor and i.s almost tio^fli^hlo at and near 
no-load, just when it i.s most nwdod. 'Pho Sehorhius slumt 
wound phase-advancer is not .subject to this defect • When 
contomplatin^r the adoption of any P.h’. -correct injr device it « 
important to examine its etlect at all value.s of load m, thc'rnain 
motor. " 

Fig. 292 and Table 124 arc particularly intercHting in mot 
they compare the charactoristica of a number of ililfcreut tvta-s of 

it.” (•Siemeiw-Hclmckertl 

All ot these machines arc capable of improving the average PF 
of a consumer’s load by operating at unity P.F. at full-load and 
m most cases, by operating at a leading I’.F. on fractional Iiwls’ 
thus exerting an actual ph«a(H*.orro.cting Fig, hIkm 

the connectionft of eacli uiachme in diagrainmatir Umti, micl the 


Maximum Vutfaar. .nut Tmm 
Values for M otora shown %n Fig. (SrK.MK.Vs Sficrf’KKUT.f 


{a), 






iUh 


in 


(f). 


Synch ron. 
oils Motor 
with 



Synchron- 
ous Motor 
with 
Starting 
Winding, 


Hyuchron- 

otiH-Awyn. 

tthrououH 

Motor, 


A My II- 
i’hr<i«irut»* 
Motor 
iwlfcli gt.|r. 
Exciti» i 
a.ph. 


A«yn»dir*»«- 

fitiM IHofur 
with 

Hruitr»t«dy 

Ksspilnf 

Kuplttsr, 


Onum 

Motor, 


Hiy. 

Iwid 

Mote* 


I^ange of kW 
Max. voltage 
Starting torque f . 
Synchronous pull- 
out torque f 
Asynchronous 
pull-out torque.f 


%-20 000 
lOOOO 
30 % 


idO-700 40-2 OOO 

10 000 10 OOO 

100-160 Vo 180-200 Vo 


180 % 170 % ISO 7„ 


40- 1 sflo i iou-ionoo 

10 000 ; 10 (XH) 

iioo 7 , uon 7. 


7i-« ii« 
m ... 
«x>7, mt 


180-200 7 „ 2007 , 


^< 507 , mr'i, ix/xry, aeo’i, 


* For details lee Jour. I.S.H,, Vd 
f Per cent, of full-load torque. 
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07, j), SHI. 




{g) Heyland motor. 




relation betweea the P.F. of the iiinlor iiml flu- kW 
as a percentage of the luli-li)a<l viilue : wliilst 'I’nliif 124 hIkiwh the 
range of capacities in wliieh each motor is uvaihilile, the iiiaxiimim 
voltage, and the tonpie eliariicteristu's itf tin* iiiH<'hi!ii', 'I’he dutteij 
curves in Fig. 2!)2 («), (f) hikI (c) relate to higher vnlue.s <if I) q 
excitation. 

696. Synchronous Asynchronous tor Synchronous-Induc- 
tion) Motors. — TIhwo nuuddiu's are e.ssetitiallv slip-ring itiduction 
motors with a rather longer air gjip than nn nnlijiarv indurtion 
motor, and with provision for D.t*. excitation <lur”iiig juinual 
running. The motor .starts as a slip-ring imhjcti<ui motor, with 
a higher starting tonpav than can lh> obtained fVtiin a salietit-pole 
synchronous motor (§ (179), Init iionnally operates ns a synchnmou# 
motor with a higlior P.F. (unity or lending) than caji lie obtained 
from an induction motor. If tla^ load heconies tun heavy hi be 
driven synchronously, the motor drops hack into async’hroiiom 
operation and continues to nm thus until the safe limit of heating 
or the stalling torque of the inacdiine. ns an iudiiethnt motor is 
reached, whichever occurs first. P.F. (••irrectiun can 1 m> effected 
during the whole tnno the motor is running synchroinaisl v (§ I (iO (c), 
Vol. 1, and § 679). The siiie and price are alsmt. the'hame when 
the machine is designed for operation at P'9 leading P.F, on full- 
load as when it is de, signed for unity P.F.. so that it is ohviouHly 
best to choose the 0-9 P.F. do,sign. A P,F.<ifO'7 leading fat full- 
load) can be obtained, hut the motor is then coiisiderahlv larger 
and more expensive. TIio P.F. load arid other characteristics of 
a typical synchronous-asynchronouH mohir are given in Table 124 
and Fig. 292 ( 0 ), § 695, the dottcsl cAirvm relating to increased 
values of D.O. excitation. 


The size and cost of the synchr()no\iH-a.synchrotmu.s motor are 
rather greater than those of a plain induction nmtur of entwl rating, 
and the efficiency of the fornioris generally 0'.5 to I ■(> '■/ lower, but 
these facts are more than componsatud by the ndvantage of PF 
correction where power is generate.l privately or pnrchamsl nndei 
a tanif taking P.F. into account. 

In the self-starting synchronous motor with salient poles, 
a sqmrrel-cage or phase-wound winding in the jsiln hIkihh is used 
for storting, and separate windings on the pole cores are uk«1 for 

synchronous-induction motor, how- 
ever, cylindrical rotor is used with a 2.pha8e or .‘l-phaso winding 
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in wlotH. Tliin winding’ in iiHed during the starting period and also 
for D.C, excitation. Direct current for the field circuit is usually 
obtained from an excite^r dynamo direct'-coupled to the motor, or 
chain-driven from the motor shaft if the speed of the latter is low. 
The exciter E.M.F, is xisually between 30 and 60 V, and a rheostat 
in the exciter field circuit enables the excitation of the motor to be 
varied at will. At the moment of starting, the A.C. voltage across 
the slip rings may be as liigh as 1. 000 or 2 000 V. 

If the secondary (usually the rotor) windings be 3-phase, they are 
excited for synchronous operation by passing D.C. through one 
phase to tlie star point 
and thence through the 
other two phases in 
parallel (t^ee Fig, 293). 

Alternatively, the rotor 
may be pi’ovided with a 
2-phase, 3-wire winding, 
the neutral point of 
which is connected to one 
of the exciter brusluas, 
while the outer terminals 
are connected to two 
poles of a 3-pole iKpxid 
starter; the tliird (earthed 
neutral) pole of the 
latter is connected to the 
second brush of the ex- 
citer. The exciter is permanently in circuit and is not affected by 
the high voltage between the ixiotor slip rings at starting, because it 
is connected to the earthed neutral. The advantage of this arrange- 
ment, which is used in the Crompton-Parkinson' ' auto-synchronous ' 
motor (86C Plate facing, p. 229, Yol. 1), is that the D.C. field current 
divides equally between the 2-phaHe windings in parallel. If a 
3-phaBe winding be used, the windings cannot be balanced for both 
starting and running conditions. If the windings be balanced 
during starting, one phase carries twice as much current as either 
of the other two during normal running and is thus subjected to 
four times the heatings. On the other hand, if balance is to he 
obtained when the excitation current is flowing, one phase of the 
rotor winding must be split and, as a result, the windings are out 
voii. nr, IIB ^ 



Pia. 298 .— Connections of synchronous-asyn- 
chronous motor. 
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of balance dnrinf)' the Htartin/r jicriiMl : llu' in;^ fhiiriictiTistica 
are therefore impaired. 

The distinctive foatunss of the self-evcifitij,' l'’\'nn-\V(nchHel 
Hynchronoua-aHynchronouH motor are dcHcrilicti in § 

The HynclironoiiH-aHynelironon.s motor in eHimidr of developing 
a startinfr tor(iue ociual to 2 to times flm full-load toniue, g, 
comparecl with about half the full-load tur<[Ui> in tin. <'aHe'of 
a salient-pole synchronous motor with wjuirrel-eap:** startiiij; wind- 
ing'. It develops a ‘pull-in’ or synchronisino tonpie e(|ual to U 
to 1|- times full-load tor<|ue:: niid pulls out of syiud iron ism atabout 
1'6, 1'75 or 2‘0 tinies full-load torijue accordiitfj' as it is e.xcited for 
a P.F. (at iull-load) of Id), Od) lisulinff or O'H Imulinjf. Apart from 
the effect of the leadiufr P.K., in eorrectino (h,. lajtyinj,' P.F. of in- 
duction motors on the saum network, it is worth while to employ 
the hig’her- ]),(), excitation hecanse of the higher pull-out tonrae 
thus secured. If the motor he ojrerated at unity P.F. it may be 
pulled out of step rather frequently Ijy overloads, particularly if the 
supply voltag’e be low, and, under these <*onditions. t!ier«> may he 
some difficulty in pullinp; hack into synchronism, 

Summary of Olmr(Uit(>riHtim and Airfd The syn- 
chronous-asyuchronouH motor comliines the eharueteriMties of the 
synchronous and induction mot<jrs to the extmit that it cotiibinee 
the self-starting property and relatively high starting-torque of tlie 
induction motor with the constant-speisl and unitv or leading P.F. of 
the synchronous motor when running normally 011 load. 1 ii addition, 
the motor can be so designeil that it will continue to run as an 
induction motor should it he pulled out of syncdnamism by uii over- 
load, and will subsecjuently revert autoniatioally to .synchronoiw 
operation directly the load decreases sufficieutly to enuhle it to pall ^ 
into step. The synchronous-asynchronous motor is now used in ‘ 
many applications which would formerly have rwiuirtsl the use of 
an induction motor ; and, as regards ease of starting and staliility of 
operation, it is preferable to the plain synclironouH motor. Typical 
applications are to compressors, mine and other large fans, pmnps, 
generators, lineshafts, and machinery which has normally to be 
ffiiven at constant speed but is subject to intermittent overloadi . 
when a ahght decrease of speed is permissible (f.g, grind, .rs) Usual ? 

oZ ® mrR.V., with direct i 

tril oirv or so. " ^ 
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The uHe of synohronouH-aHynclironoiiB moiorn instead of ordinary 
slip-ring induction motors should always be considered, particularly 
where low speed niachineH are concerned. On the other hand, the 
alternative of xising a Hlip-riiig induction motor in conjunction with 
a phase advancer (§ 160, Vol. 1, arid § 694) should also he con- 
sidered; this is Hometiiues a cheaper, more efficient and more flexible 
method. 

697. Fynn-Weichsel Synchronous-Asynchronous Motor. 

— The Fynn-Weichsel motor runs normally as a synchronous 
machine, at leading* P.F., hut dui*ing starting and on heavy over- 
load it runs as a slip-ring asynchronous motor. It is self-syn- 
chronising when startijig or on the removal of the heavy overload, 
as the case may he, and it requires no external supply of D.C. for 
its excitation. It thus comhines the absolute constancy of speed 
and the P.F, -correcting ability of the synchronous motor at all 
loads up to from 1 */) to 1*9 times full-load, with the good starting 
characteristics and liigh overload capacity of a slip-ring induction 
motoi*. Starting as a slip-ring induction motor it develoi)S 
about 1|- times l*nll-l()a<l tor( pie with from to 2 times full-load 
current ; it is capable of pulling into synclironisin against 1-^ to 2 
times full-load ; and its efficiency increases steadily from about 
82 7o ^doad to 88 7« at full-load, and 89 7o a^t to 2 times 
full-load, thereafter falling to about 85 7o when the machine pulls 
out of synchronism, and reacliing about 75 7o three times full- 
load, when the motor is on the point of being stalled by overload 
(see Fig. 294). It is usually arranged that the P.F, of the motor 
is unity at the maximum load which can he cari’ied synchronously ; 
it is tlien about 0*9 leadingf at full-load, and about 0*6 leading at 
no-loatl. In other words, the characteristics of the machine are 
those of a synchronous motor up to 1-J to 2 times full-load, and 
those of an induction motor during starting and from 1|- or 2 
to 8 times full-load. An important point is that the motor re- 
synchronises automatically when the overload falls to less than 
14 to 2 times full -load. Self-excitation for synchronous operation 
is provided by an auxiliary winding connected to a commutator 
on the rotor. By using one or more synchronous -asynchronous 
motor's in conjunction with ordinary induction motors, the re- 
sultant P.F. of the whole installation can be kept at or near unity 
over a wide range of load (§ 160 (c), Vol. 1) ; moreover, the phase- 
correction can be effected almost as near to the sources of lagging 
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P.F, (the ordiiuuy iu(hi(^iion i untnrH) as sfatir euii«l«meft 

were uHe<l (§ 1(>0 (<(■), Veh i). 



The theory and eoiivstmction oi* the Kynii-WeieliHel timttir have 
been deBcrihed in a nuiuhor of jMiperH:* the f<»thaviii|^ are the 
principal .featxareH : — 

In general coimtruction, thi^ niachini* reHemhleh mi induction 
motor with the secondary winding; (jn the Hiatur, and the primary 

im the ruier nupplied 
thnmgh Mlip riiign, The 
Htattir nlntH euiitain two 
indt'peiiileni wimliugH (Iin- 
3-p/r. idiuMMlPO ehn^trlcally 
sup/7/j/ fnuu eiu'hether. Vamble i 
reaiHtuiifi^ t»nn he placed 
in Horviri^ with mch of 

tluwe wiiidingM for »tart- 
Fiq. 296.— FyBn-Weiohsel synolironouB-aHyii- /vP 

chronoua mofcw. ^ 

rohr ei remit of an ordi- 
nary slip-ring induction motor), and otm of the Htattir wintlingH ifi 
connected in series with a Hinall D.G. wiiuling at the bittom of tie p 


* Notably by H. Weichsel, Jour, Avier, April* Umfi. and Jmir, ^YmkHn 

Tmt,, May, 1925. 
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rotor slots, throu^^h briiRhes and a commutator as shown diagram- 
matically in Fig. 295. 

The A.C. supply to the rotor produces a held rotating with 
regard to tlie rotor winding. The rotor turns in the opposite 
direction to this rotating field and, at synchronism, the latter is 
stationary in space, though, still rotating at synchronous speed 
with, regard to the rotor. 

The voltage at the commutator hnishes depends only on the 
design of* the winding connected to the commutator and on the 
velocity of tlie rotating field with regard to tins winding; this 
velocity is not atiected by tlie rotation of the rotor, hence the 
voltage at the coTumutator bruslies is constant. The frequency 
of the E.M.F. available at the comuintator brushes equals the 
frequency of the ‘ slip ’ current in the stator windings, and the 
phase of the commutator E.M^.F. and the stator E.M.F. can be 
made the same by adjusting the jiosition of the brush axis on the 
commutator. In other words, connecting the machine as in 
Fig. 295 results in adding an E.M.F., of the same frequency and 
phase, to tlie slip- E.M.F. alroa<ly acting in the stator winding. 
This causes tlio maclixne to run at a speed higher than that at 
which it woxild operate without the injected E.M.F. 

For example, if the indxiccd slip-E.M.F. in the secondary is 
6 V and we inject 2 V from the commutator brushes, the total 
E.M.F. is 8 V, and the secon<.lary current would be SJ6 times its 
normal value if tlie slip were kept constant. Actually, the slip 
will decrease in about tlio i.’atio 0/8, so that the current remains at 
the value required by the load on the motor. AvS already explained, 
the injected voltage remains constant, hut the slip-E.M.F. decreases 
as the machine approaclies synchronism, hence the speed-raising 
effect of the injected E.M.F. is cxxmxilative. Instead of the 
machine tending to reniaixi at the indxxction motor speed with, say, 
5 7o i*"^ raised automatically and progressively above this 

speed after all the starting resistance lias been removed from the 
stator circuits, and pulls into synchronism with a powei'ful torque 
and moderate cxxrrcnt consximption. At synchronism there is no 
slip-E.M.F. in the secondary windings; hut the E.M.F. at the 
commutatoi* brxishes retains its fxxll value and is now of zei^o 
frequency, i.e. it is a direct cxirrent E.M.F. In other words, the 
auxiliary winding on the rotor which ensures automatic synchroni- 
sation now excites the fiehl for operation as a synchronous motor. 
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Fijr. 29(i * hIiowh <I<»fctpH<l thi' <’iirvt'H ol' h Fyn^ 

Weichsel motor operating; iin nii (inliimry iiniticfion uiutor with no 
external roHiataiico in the He<'oii(larv (<Mir\t* 1;, witli Hufficjjjjj 
secondary resistanei* to {five inuxiniinn stiu-tin^f torque (ciirve 2] 
and with an intermediate \'alue of .secondaiu' resisfauee as reimirei 
to give a starting ton pie. e(|ual to I J times fitll-loud torque (eum3) 
Cui'ves 4i, 5, and (i rolat<! to the same iiiaeliine and the . same valuej 
of secondary lusistance, imt with an iiijeete.l K.M.F iVom % 
commutator bruslujs added to the imhiU’ed slip-Iv.M.K, in the 
.secondary. A higlior .S])eed is now ohtaiued for given foniue, and 
a higlier tonpm for given .speed. '1'1 h> additiminl torqtie, due to 



I'lG. 20C.— Spood-torquo ourvcs of l-yun-Wfieliiiel meter. 


the injected current, pulsates with the freqnem-y of ti.e Inthw until 
synchronism is reached and is then constant. 

Fig. 294 shows typical characteristic curves of a 15 HP 
60-cycle 1 800 r.p.tn., 220 V, f)-phase Fynn-Weiclm..i motor over 
Its complete range of operation. Motors of this type are huilt in 
sizes up to 200 H.P., or larger if required. 'I'liey are applicable 
to any constant speed drive, and are particularly useful for .Iriving 
grinders and other machines subject to heavy <wi«rlt»a«lH, the motor 
then (popping into asynchronous operation, hut reverting to syn- 
chronism directly the overload is reduced to from 11 to 2 time! 
lull-load. * 

motor (Messrs. (Irompton 
Th.. Art’ same type as the Fymi-Weischel niachine. 

Ihe Authors are informed that it originate.! with the jwtent 15,523 


H. Weiohsel, Jour, Franklin May, WM, 
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(1913) but was not put on the market until some years later, when 
the power factor problem became acute. 

698. Super-Synchronous Motors.. — The term super-syn- 
chronous motor is really applicable to any A.C. motor which is 
capable of running* at liigher than the synchronous speed corre- 
sponding to the frequency of the supply and the number of poles 
in the motor. Usually, however, the term is restricted to other 
than commutator .motors. 

The synchronous speed of a motor having p pairs of poles, 
running on a supply of frequency / cycles per sec., is n = 6O//2? 
r.p.ni. (§ I3e5, Yol. 1), hence the highest possible speed for a syn- 
chronous motor on 50-cycle supply is 60 x 50 or 3 000 r.p.m., 
this necessitating a 2-})olo construction. There are, however, 
many machines (jijj. wood-working machines, small gi'inding 
wheels, and centrifuges) which need to be driven at higher speeds 
up to 8 000 or K) 000 r.p.m., and for such purposes it is necessary 
to use a Buper-synchronous motor if the advantages of direct 
coupling are to he retained. A frequency changer converting the 
supply to 1 00 or 1 50 cycles per sec. would raise the speed of 2-pole 
synchronous motors to 6 000 or 9 000 r.p.ni. respectively, but the 
cost of the frequency changer and separate cables for the high 
frequency supply is seldom justifiable.^ 

The 'double-field* or ^double-fed* synchronous motor rum at 
twice the synchronous speed, Le. at 6 000 r.p.in. in the case of 
a 2-polc macliine. The 3-pliase windings on the stator and rotor 
are both, connected to the supply but in opposite phase sequence ; 
a rotating field is thus produced in each, but the directions of rotation 
of the fields, with regard to the windings which produce them, are 
opposite. Suppose that the stator field rotates at angular speed -h co ; 
then the rotor field rotates at angular speed - ti> with regard to the 
rotor winding. If now the rotor itself be brought up to double 
synchronous speed + 2ft) (this must be done mechanically or by 
means of an auxiliary commutator), the net speed of the rotor field 
in space will be 2<w - cw = Tlxis is the same as the speed of 
the stator field, hence the two fields will continue to rotate in 

* A simple type of frequency changer, which can be used to supply a few small 
motors, consists of cun induction motor with a wound rotor driven meohanioally at 
synchronous speed in iM ojjjjosite direction from that in which it would rotate if the ■ 
machine were running as a motor. Under such conditions, current at twice the 
frequency of the main supply can he taken from the slip rings of the rotor. 
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HynchrouiHtn, In other words, the inot.(^r will run syin'hniiu^^usly 
Imt at twice Hynchronoun .sptuMl. The. only praHioal nhpH’tion to 
thin machine is the difficulty of tln^ rotor up to twice 

HynchronouH Hpco<l when Htartin^. This (lifliculiy in ovcrc*oiue in 
the Pistoye tri]>le. HyncliroTiou.s motor (icM{*riI>c*i lahT in thw 
paragraph . 

The d()iit>le. staf<>r-donhle ndov httluetUni ‘inetor* op<Tatc8 on 
a similar ))rind])le. llein^ an iiuluction motor it <*Hnnoi roach twice 
the HynchronouH HptH^.d but only twice the HynclirtiiuaiH HpccMl imnu 
tlui Huni of the .slipn of the renpewtive roitjr.s, Pel wren tlic tnain 
Htator and the main rotor there, in an annular rotor carrying a 
fiquimd cage windiui^ on the ouishle and a Hec^nut .stator %vimling 
on tlu^ hiHidc (wv? Fig. 207). Thin imxiliary rob a* is mottnted on 
bearings eoTUuaitric witln the main hearings. If lH>tli .Htator.s hare 
2-pole windings, connecte<l to a nO-eyrlc. Huppl\% the iutcriuediate 
rcitor will rotate at 8 000 r.p.in. (lena Hlijj) relatively to the fixed 
fitator aS'i, and the main rotor will rotate at 8 CK)0 r.p.m. (Ichh slip) 

witli n‘gnrd to tlie inter- 
mediate Htator H,,\ lait, as 
the lather \h already rotating 
at d 000 r.p.m. flesM Klip), 
the acttinl speed cif the rotor 
/L will Ih" ti (HK) r.p.m. (Ichk 
the Htnu of the two Hlips). 
llm ma<dnne in a mechanical 
cojuhinntion <d' two motors 
wlndi are idecirically <IiH- 
tinct; the Htator of IlieHoeond 



Fia. 297 . — Donblo Htator-doublo rotor 
induction inotor. 


ma<diim^ is rotated hy the 
first motor, heiiet^ t!i«^ m^ond 


rotor i-nns at a speed which etiuals the stnn t»f th<^ Hpetsls of the 
rotors in two nuKdianically independetit motors of the .same elec- 
trical cliaractt^ristics. Theoretically, any number ot electrically 
distinct motors could ho combmod mechanically in this woiy giving 
d, 4, 5, etc., times the synchronous speed of a single motor, imt it 
is almost imposHil)l<^ in practic(^ to liavt* more than twui concentric 
rotors. 


* Not io b(i <u>nfuHod witlt the doul>le.W)tnr, Hinglo-Htator njai'hine {i! Crt 5 ) mied to 

iiljUiiii liifjficr HtartiiiK toivjno. 
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The con8tmiction of the iiiteniiediate rotor, Fig. 297, is simplified, 
and the action of the motor is unaffected, by interchanging the 
stator and rotor windings tliat the intermediate rotor 

carries only two H(|uirrel-cago windings. 

An interesting feature of the motor shown in Fig. 297 is the 
possibility of obtaining different speeds by varying the number of 
poles in aS\ and synclii'onous speed corresponding to a 2- 

pole stator aS^i and a single rotor is 3 000 r.p.m. on SO-cycle supply. 
By using a don hi rotor with, a 2-pole winding the synchronous 
speed of jB.^ r.]).iu. ; hut if has four poles, the speed of 

with regard to H., is I 500 r.p.m. and the acttial speed of R 2 is 
3 000 + 1 '^00 4 500 r.p.m. In general, on a supply frequency 

of / cycles per hoc., witli p■^ pairs of poles in and p^ihvs of poles 

in S 2 , the speed of is r.p.un (less the sum of the slips), 

the phase rotation })(d.ng tlio same in and aS^ ; if the phase rota- 
tion be opposites in tlie two stators the speed of E .2 is the difference 
between the ahovc^ two t('5nns. If the intermediate rotor be held 
stationary, by a brake, the speed of R^ tdiat of a single-rotor 
machine with stator winding aS\. 

Motors of this type^, giving higher speeds than can be obtained 
with single stator and rotor machines on the same frequency of 
supply, arci xised to drive wood ],)lanmg and thicknessing machines, 
moulding macldnos, and othesr macliines requiring a high speed of 
spindle rotation. 

Suppose, for example, Uiat tlio outer wtator is •wound with four poles and tke 
inner stator (on tlio outer rotor) with fc-wo poles. With SO-oycle supply to the stators, 
the outer rotor •will run at 1 500 r.p.m. (less slip) with regard to the outer stator, 
and the inner rotor •will run at 8 000 r.p.m. (loss slip) with regard to the outer rotor 
and therefore at 4 500 r.p.m. (loss slip) with regard to the outer stator, assuming that 
the two rotors mn in the same direction. If it ho arranged that the outer stator 
winding can ho ,re-coiuifH!tod as a 2-polo winding, tho speed of the inner rotor can 
be raised to 0 OOO r.p.m. (loss slip). Finally, by arranging to look the outer to the 
inner rotor, and supplying mily the outer stator, speeds of 3 000 and 1 500 r.p.m. 
(less slip) are obtained witli tho stator connected 2-pole and 4:-pole respectively. In 
other words, using the double stator and rotor motor with a 4/2 pole-changing outer 
stator, a 2-pole inner stator and provision for locking the outer to the inner rotor, 
speeds of G OOO, 4 500, B 000, and 1 500 r.p.m. (less slip in each case) can be obtained 
on 50-cyolo supply. 

Many intermediate Hpeeds can be obtained, over a wide total 
range, by combining the principlen of pole-changing, phane reversal, 
and mechanical locking of one rotor. Tims Table 125 sbowB the 
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Table of Ihit, He- Rotin\ Pole-ilHuujhitj, lodmtion I 

Motor. t 


(lombhiatioTi 

No. 

No. of J* 

doH on 

Pba.se ibUafiiin <»t 
Kic'M .S| witb regard 
to rii'ld 

S)jirliro|jo«H 

of 

{nee ing. 25W). 

vS tailor Nj, 

Stator .S’... 

i‘\ rie Supply), 

t 

12 

2 

Siunii* 

8 5<K1 

2 

Id 

2 


8 875 

;■{ 

24 

2 

,, 

8 250 

4 

82 

2 

,, 

8 187 

b 

Ej Htr>pp(*d 
82 

2 

Eovontfsl 

8 (KK) 

() 

2 

2 N18 

7 

24 

2 

*1 

2 750 

8 

Id 

2 

M 

2 625 

1) 

12 

2 

M 

2 500 

40 

12 

4 

SftjJtc 

2 000 

11 

Id ' 

4 

f » 

1 H75 

.12 

24 

4 

f > 

1 750 

.18 

82 

4 


i mi 

14 

Hi stioppod 
82 

4 


1 500 

15 

4 

Envnrecd 

1 818 

16 

24 

4 

»i 

t m) 

1,7 

Id 

4 

,, 

1 125 

18 

12 

4 

*1 

1 000 


^Actual KpwMl loHH by tlm total ainoimt of Klip. 

HpeodH ohtailuiblo iti fchm way iti an Orrlikon muinr mbnl at HO H.P, 
at !I 000 r.p.in. amd HOO ll.P, at 0 500 r.p.in.^ It. ih niaiiand that 



I^’k}. 2118. of (loablo-rofcor induction luiiior Table ltd). 


Vide SSupcr-Syjk-,hmjK)UH Alofcoin/ by 0. W. 01 liver, I*tnrer Mngim^r, 
p. tfM). 
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the P.F. and eflficiency are ‘very satisfactory’ throughout at all 
speeds, the range and fineness of gradation of which are remarkable 
for an A.C. induction motor. As shown by Fig. 298 the speed 
steps are reasonably uniform except between combinations 9 and 10 
where there is a change, of 500 r.p.m. 

The Pistoye triple-^^ynohronows motor m essentially a combina- 
tion of the <louble-fi(5l(l (or double-fed) synchronous and double 
stator-double rotor induction motors described above. This machine 
may be represented diagrammatically hy Fig. 297, but Si Ri ai^e 



now the similar Jbpluise windings of a double-field synchronous 
motor, hence, wlmn the tuotor is in service, the intermediate rotor 
runs at twicci syncbroncnis speed. The windings those of 

an ordinary induction motor, so that runs at synchronous speed 
(less slip) with regard to and therefore at an actual speed of 
three times the synchronotis speed (less the slip between and R 2 ). 
As already noted, tlie diffictilty with tlie double-field synchronous 
motor is to bring the rotor up to twice synchronous speed when 
starting, but this is effected quite easily in the Pistoye motor. 

Referring to Fig. 299 (Olliver, loc. oit.), tbe stages of starting 
are as follows : — 
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(1) Tbo intormediato rotor in fod from tho inaiiis and llii' HliUor *S'j in ooinwcfced 

to Ktarting veHiftfeaucoH as Hhowii, t.li('K(‘ roKiKtaiic«*s lunug gmdtially rut tnit, The 
ooinbiiiatioii aocolorafcoH an an invi'rtrd iudiudiou and ihr main rotor 

coniOH up to fcwioo HyncbroiuniH Kpt'od (loss nlip, .trY rxplaiialiotj t»f tioiihir ntafeor- 
double rotor iudiu'.tion motor abovr). 

(2) Whon tho hitoriiu'diato rotor, carrying /i*, and S.>, han rciuduHi Kyrndimuous 
Hp<^od (loHH Blip), two of tho Hlip-ring <'(nni<‘ctionH arc rovernod and S^ in o|w*ir<‘ircuited. 
Thoro is tiow no torques botwoosn /ij and »S'j (hcoatiHc .Vj in open (unmitod) ; and, the 
field of Ixdng nworHod, thoro malm*al<ing t.or(|iic In’tworm and /jf.j, tomlingto 
Btop IjI.j. The imu'tia of in, howovor, much groa(<*r than that of the inh’ttuocliate 
rotor (which in now running light and fn'c), hoiico tho torpn* hetwern iV.j and 
accoloratoH tlni iniornuHliatc rotor and hringn it up to twico MvnohronouH apcid. 

(d) The intoniu)diat<i rotor running at or near HyuchronouH Hpoed, tin* ntator 8 ^ 
in comKK'.fccd to tho inainH, wlumoupojt pulln int-o H>nchronism amt tin* combina- 
tion (SjA*, niuH aH a doublo-field HyiichronouH motor. Simultatn*ou>»ly, th»» original 
plmHo connec.tionH to tbo slip ringn are r(*Htorod. 

(4) With the intnrmodiate rot»or now running ntoadily at twice Hvnebronoug 
Hpeod, tho main rotor will aocolorato until it romdioH thri'O tiinch iwhiomtim npend 
(Igsh Blip). 

It Is poHsil)lt^ to (lo.viHo corn} Him tioim giving yoi hi|^^hor HjHHMls, 
bat apart from tlm cost and <‘<nnpb‘xity of tnaiHinictiou, the 
mechanical stmsHt5H on tlm rotors heconm wndonH. 'Fho nlicniative 
of a ^oarod-u]) drive from a motor of normal conHiructitm nhould 
be considered. 

699. A.C. Commutator Motors: General 'flie A,i\ com- 
mutator motor sacriticoH tlu^ ohviouH advanta|i(i^ ptisseg.siul by 
induction and synchronous motors, /'/j. abHctuee td’ (*ounimtetor 
and frets lom from commutation probltuns. On the. (ttlter hand, it 
is froo from tho principal restriction of induction and Hymdironous 
motors, that of hoin^ limite<l more or less <btiuitely to a HvnehronouH 
speed. The justification for tho commutator li«iH in tlm range of 
speed control which it makes ])oHHil>le without tmdue complication 
01 : sacrifice of elficicmcy. ^'’lie highest spctul atteinahlo in a syn- 
chronous motor (and tlu^ speed of an induction motor is lower by 
the amount of the slip) is (>() f/p r.}>.m., where f m supply frequency 
in cycl(^/H(^e., an<l p =« nnmlMjr of pairs of poles. Tlie Ingliest 
speed lor any synchronous or imhiction motor on fjO-eyeici supply 
is thus A ()()() r.p.m, for a 2-pol(5 machine, I 500 r.pjn. for a i-pole 
machinti, and so on, unlcsss orn^ adopts a sjiecial stipor-syrudironous 
combination (§ An A.(X commutator motor, liowever, is 

(mj)al)Ie <)l operating at sptsuls above as well as htd<nv synchronism,* 

"Tlui ‘ wyiudironouH Hpued ’ of an A,(l cenmuitator i« equal U* that of 

a .Hyu(diron<>tw inutor having tih(* Hainc* nuxul)urnf pnltw. 
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and, apart from any inboreut variation of speed with load, con- 
tinuous control of speed over a wide range is obtained by shifting 
the brushes on the commxxtator, xising either manual gearing or a 
servo-motor to actxxate tlio brxish rocker. 

A.C. commutator motors arc usually built for either 1-phase 
or 3-phase operation, with shxint or series characteristics as desired 
in either case. The terms shunt and series characteristics are 
used by analogy with tlie characteristics of D.C. shunt and series 
motors ; the speed of the slxxxnt-type iiiotor is more or less nearly 
constant at all loads, whereas the speed of the series-type motor 
decreases very considerably as the load increases. 

So many dillbront sclionics of connections and operation have 
been develope<l for A.C. commxxtator motors * tliat it is impossible 
here to deal witli all of them, but the following paragraphs 
(§§ f00"709) cover the principal types. Certain general construc- 
tional features are common to each. Iii the first place, owing to 
the fact that the magnetic flux is alternating in all parts of an 
A.C. conmmtator motor, tlxe whole of the iron in the magnetic 
circuit must be laminated. The stator winding may be likened to 
that of an indxxction motor, and the rotor winding to that of a R.C. 
motor. Whereas a D.C. series motor is capable of operating on 
A.C., subject to certain liniitatioixs discussed in § 700, the high 
reactance oflerod hy the field winding of a D.C. shunt motor to the 
passage of A.C. makes this type inapplicable to A.C. working; 
a difterent arrangement has therefore to be used in order to obtain 
shunt cliaracteristics in an A.C, commutator motor. 

The commxxtator of an A.C. ixxachine is usually large, compared 
with that of a D.C. motoi*, and the arrangement of the brushes 
depends on the type of xnotor concerned. In 3-phase machines 
there are three sets of brushes spaced 120 electrical-degrees f 
apart. Provision is generally made for shifting the brushes, as a 


*In Tfm A,0* Cmnmutaior Motor (Chapman Hall), 0. W. Olliver tabulates 
twenty-eight diherent types o£ Bingle-phaso commutator motors, besides many 
types of polyphase maohmes, 

f In a 2-pole machine the spacing would be 120 degrees of arc (or geometrical 
degrees), but in a 4-pole machine the spacing would be 60 degrees of arc, this still 
being 120 degrees as regards electrical phase. ODhe geometrical angle corresponding 
to 9 ‘ electrical degrees ’ =» d/xmmhev of pairs of poles in the machine. Conversely, 
the angular displacement in * electrical degrees ' geometrical angle or angle of 
arc X number of pairs of poles. 


125 



I <599 hlLFXmUVM. MN<HNKKRIN(J VliArVliV. 

wlu^le <,>r In two sots, ro\Ui<l tlu^ ronuituiaitH* for jnirptisrs npBed 
control, 

Whorovor AAu <*onuuuijttor loutors (d’ Hwies 

cluiractoriHticB arc for variHbhvNpetMi Horvin*, tho H,P. of the 
motor nlnnihl bo aw iKuirly as ]M>Hsiblo oijual to i!u» II. I*, bonuunled 
by the U)a<i. “ Ovtvnnotoriujii!^’' in stiob n oaH(* In not toily oxtrava- 
gant bnt also involv(«!H tniduly largo (iispiaoonioni of hnmhoH in 
order to operate at r^^dll(*o^l hp^mmI (ibo spewed of ilu* molorloaded 
motor tends to ris<^ owing to tin' m^dos obaraotoristie i)f the 
uuieliiuo). This widcs ilisplaciantniit of ilu' lunislios generally 
involves working on a less stabh^ ttmpie-Hpeiui ohararteristii*. 

The probliiin of commutation is nmch mon^ dit!i<‘ult in A,C, 
motors than in j).Ch mac.hinoH, mainly ow'ing to the fact that an 
E. M. F. is induced in the short- (d re, uite<l ttinw by the transiamier 
action of the main alt<amating field, tin* latter hung of the same 
rr6(iuency as the A. (I supply. Tln^ magniltide of tht^ induced 
E.M.F. is lower, the lower the fnupnmcy fd' the supply current, 
the tower the numh(‘.r of short-cir<'uite<I turns, and the lower the 
density of the inducing ii(dd : Inuices iht^ advautago, from this 
standpoint, of a low HU])j>ly freijueiucy, a larg«* (’uinmntator witli 
many bars and narrow hruslnss. and a ntlaiively low mnnher of 
ampore-turuH in tlu^ main iiid<l. '('he E.M.E. actually hutuced in 
the short-oircuitod turns may he muitraliscd by inttu-pides or hy a 
iiux estahlishod hy Hhort-<drc.uiting auxiliary hrnshos: and, in view 
of the relatively w<^ak fi(dd, a sjMHu'al winding (or its ei|iuvaknt) 
may ht^ ustsl to neutralise', iluv armature nia<*tion. <ient!riilly, 
commutation is oKCollent at and near synchromniH Hpt*ed, hut 
increasingly liable to give irouhhs hh the spoml hocomeH much 
above or below synchronism. A low ronunutator V(dtag« is 
necessary, seldom exctXMling 2(>() V and often 100 V or less; a 
spexml transfornuu’ may he neeiled in onhu* hi manire this, Tha 
diameter of the commutator mKasHHary for gfKsI ccimmutation 
inenjases with the supply fnspiency, and in a no-cycle motor the 
diameter of th(^ commutator is often nearly equal to that of tha 
rotor. 

In the interests of liigh P. F., the main tieki Hhoiikl Ihi as waak 
as possible, the air gap short, and the supply frecjueney low. 
'riujse foatiires of design are also <lesirable in the interests of good 
(anmuutation, as noted above. 

TIh^ (dliciiuu*}^ of an A. (A commutator motor is umially slightly 
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lower tlian that ot‘ the corresponding 

normal speed of tlie latter, but materially higiier thar^‘fllaV^of4Me'' 
induction motor at reduced .speed, if speed control of the' induction 
motor is obtained by rotor resistance. The commutator motor can 
he used efficiently at hyper-Hynchronous speeds, whereas the 
induction motor is restricted to suh-synehronous speeds. 

For equal efficiency, an A.C. commutator machine is usually 
rather heavier and more expensive tlian the corresponding D.C. 
motor. On the other hand, it is a great practical advantage to 
have a machine which eciuals or even excels the D.C. motor in 
point of flexibility of control of torque and speed. This considera- 
tion is becoming ever more important as one distribution network 
after another is changed tO A.C. supply. In many instances, 
A.C. commutator luotors can be used where it would otherwise 
be necessary to install converting apparatus to supply D.C. motors. 
At the time of writing (1082), the various types of A.C. commutator 
motors are ximd more (extensively on the Continent than in the 
United Kingdom, hut their undoubted merits will ultimately win 
equal recognition in all countries. 

Speed ranges of from 2 to 4:1 are commonly provided with 
continuous gradation througliout, and the sizes of A.C. com- 
mntator motors usually extend from 1 or 2 H.P. up to about 
1 000 H.P., larger machines being occasionally built for traction 
or similar service. Staudai*d sizes of single-phase and rS-phase 
commutator motors genetnilly go up to 40 or 50 H.P. ; larger 
sizes up to 250 H , P. are fairly common ; and still larger machines 
up to B 000 H.P. are Imilt to meet special requirements. 

Large lunuhers of A.C. commutator motors are used for general 
industrial purposes, including the driving of textile and paper- 
making machinery, printing machines, craxies, hoists, mechanical 
stokers, machme tools, pumps, fans, and so on. Heavier applica- 
tions are in tractioix service and mine lioists or winding engines. 

As compared with induction motors, A.C. commutator motors 
otfer high starting torqtxe, high power factor, and wide range of 
speed contx*ol. On the other Ixand, the commutator and brush- 
rocking gear add to tlie cost and weight of commutator motors 
and, for some types of the latter, expensive switchgear is required 
in order to provide variable tappings. For similar reasons, A.C. 
commutator motors are more complicated and expensive than the 
corresponding D.C. machines. 
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700. Single-Phase Series Motors. 'rin‘<^rp(indly. any 1X0\ 
HnrkjH-wtnnnl motor may 1 m‘ oprratod on siii*j;lr-phn.so AA \ supply 
for tho cnrront luaunsmaly rn.vor.srs HiinullamHuisly in hoth the field 
and the anuaturo wiinlinjurH, hence the ton|Ue lamuiiuH eoimtant in 
direction'^ but pulHat(^s from i^cro to a maxiinum and back to j^ero 
a^ain once in each liair-t‘.yele of tht* anp{dy curnnit. Actually, 
however, when tht^ HXipply is alt»*rnatino the niai^ut'iic circuit of 
the Htator nuLst h<>! laminatt‘<l likt' that of the rotor and for the name 
reawon (55 H 2 , Vol. 1 ). Abso, in the intmasHtH hi*i:li power factor 
and Matiafactory commutation, it is ne(*eHHarv to iiesi|^ni the A,C. 
series motor for operation with a ndatively weak fitdii, and to 
provide a comp<msatinjj^ or mmtraliHini^ wiudiu|jf to counteract the 
armature reaction. This winding, (k Ei^- mny be connected 
in series with the thdd wimlino F ami armature J/, or it may be 
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sltort-circAiited on itself, tlu^ reijuisite (uirnmi then heine induced in 
it by transformer action from the armature, d'he compnoHuliii^r 
windin^^ improves both the P.F. and the commutation of theiuoter. 
Antither distinctive hurttircs of the A,(h serit^s mohu* is that the field 
winding is usually placed in slots on the stator, as in tie* induction 
motor, instead of on salient jades a.s in th*» I).<b motor. Small 
series motors, fractional-! hP. machines as UHe<l for small fans, 
are re igularly built for operation on either I).<\ ta* sinijflfephaHe A.C. 
(§ 710), hut tlie larger sm^s of singdr-phase motors differ 

mattirially fxmm ]).C. serioH motors in construction, though the 
jirinciple is th(5 same in both castes. 

As shown by Fig. 301, tlm loa<l characteristics c»f a singla-phase 
A.(.b Horii^H motor are hroailly similar to those of a I).( b Hcries motor 
Fig. 261), except that the sixeatl doi'^s not vary so rapidly with 
changes in load. The starting tonjue is higli. much liighcr than 

♦Whotlujr tli« Hup|)ly bo D-O- or A.(b, th« unly mclliwl rwerwiiig the fcorque 
of a H(}rioH motor in iiitercliangiiig the cuinitKttioiw Ui rtth^r tlit! field Of th« 
armature ( h <4 Ixah). 
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that of an induction motor, and the speed decreases with increasing 
load. Speed control is eftected more easily than in the D.C. series 
motor, a transformer with multiple tappings being used to vary the 
voltage applied to the motor (§ 732). The motor can be designed 
to run at higher than the synclironous speed on full-load and, like 
the D.C. series motor, its princiiial application is to traction service, 
for which purpose motors up to several thousand H.P. may be 
used. A low frequency of supply, say 16f cycles/sec., is generally 
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Fig. BOl. — Typical characterififeicH of 1 -pli. sorios or repulsion motor : rated output 
20 H;P., ,l 000 r.p.m. (nee Figs. 247 , 260 , 261 ). 


employed in Htich caneH, m the mterentH of liigh P.P. and good 
coimniitation. Kinaller Hingle-phane nerieH niofcor.s, tip to 100 H.P. 
or BO, are xiHcd for driving craneK, hointw, boiler-house fauB, and 
similar service, Hpeed control bcnng frequently provided over a range 
of 2 or : 1 . For use on high voltage supply, the field winding 
can be connected directly to the mains, the armature being fed 
through a Htep-down tranHformer, and tlie whole of the starting, 
regulating and i-civoj’sing gear being in the low-voltage circuit. The 
inherent tendency of tlio machine to race on light load may be over- 
come by a pair of Hhort-circuited brushes set on* an axis at right 
VOL. III. 129 9 
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anglaH to that of tin*, luain hmsho.s: n is thro pr^nlocod, aiding 
the main titdd and in .slrmififth as tlip sjuM'd rineH until 

eiiuilibrimu is attaiii(^<L Interinde wiiidini^H an* usi-d in all hut the 
HUialleHt machineH to iuipnm^ thi^ (*<anmuhiti<Hi. 

The Hin^de-pbane H<Ti('a motor in nuu’o t^xpoiiHiv’p I hau an in<luction 
motor, HomcthnoH two or thns* timos as oostly, htit it is applicable 
to services for which tln^ “sliunt" characlcris<i{\s of the induction 
motor are. nnsuitahle. T!um»nicii‘ncy of tlu‘ series motor is rather 
lower than that of the. induction motor, say (io to 70 in a 1-2 H,E 
machine, 75 to HO'*/,, in a 20 H.P. nuu’hint% and HO to 85 in 50d00 
H.P. mae-hineH. Tlie P.F. is xiHually ahtnit ()*H5 at rated fulldoad, 
falling to O’H on overload ami risin^^ to O'O on li^^ht loads. These 
ti^mres arc representative, hut can 1 h‘. varie<i hy noKlifyin*^^ tin* design 
of the motor. 

The control of sin|^le-]>hase series motors is discussed in §732, 

701 . Sing:Ie-Phase Repulsion Motors. Tht^ plain Bingle- 
phase repulsion motor is a s<‘.rieH-typc im^tor wit It tin* armature 
brushes short-circuited, ctirrtuit heiini^ iiahiccrl in the armature 
winding hy the transformer action of a winding on the stator. 
There is no electrical coimcction Indwisui the stipply and the 
armature, heuci^ th<^ ma(dnne can h<^ tiscd on Idgh-voltage supply 
without the cost and com])lic-ation of a sptTia! transhumicr to feed 
the armature. 

If, instead of short-cinmiting the cmn])ensating winding f/ and 
conducting curnmt into the armature, ns slnmm in the right-hand 
diagram, Fig. .‘ICO, W(i comhict current throtigh the winditig f/ and 
induce it in the armature, the. hrushes hdtig shurt-(drc*uifcefl, we 
obtain the arrangenuuit shown in Fig. d02.^ (hang further, we 
may replace the two separate wimlings <m the stator l)y a single 
winding <lesigne<l to produce tiie. saint* rtisultHuf fit»ld (Fig. :i03), 
thus arriving at the simplest jKiHsihle form of tln^ repulsion motor. 

Thus, in Fig. B02, the held or excitation winding establishes 
the motor Held, and the ‘transformer winding* (* induces the 
armatxxre current, while interaction hetwemx ilw fitdrl and the 
armaturo cuiTent produces the motor tort|Ue, 'flic singla stator 
winding Ab Fig. d03, produces a field on the XX axis, and tins 
Held may be regarded as the resultant of components along the lines 


The revepsiiig switch B is included for the purpoic of litter explanation iwxd bei 
nothing to do with the principle of the motor iteeH. 
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F and G, tliene coinponentH l)eing ecjuivalent respectively to the 
separate stator windinj^a in Fig. 302. 

If the short-circuited brushes wei-e placed on the line FF, in 
Fig. :103, at right angles to tlie line XX, the coil S would act 
simply as a held winding. There would then be no component of 
the -field along tlu* slKjrt-circuit axis of the armature, i.e. no 
component cori-esponding to the winding 0, Fig. 302, hence no 
current would How in tlu! armatui-e and tire motor would develop 
no torque. The line FF, Fig. 803, perpendicular to the axis XX, 
is the ‘neTitral axis,’ and when the brushes are displaced from this 
axis the arniaturo lajtatos in tlio o-ppodte direction, whence the name 
'repulsion’ motor. Usually the angle a is between 10 and 20 



Pig. 302.““ Si nglo-phaHo repulsion Pig. 303. — Single-pTiase repulsion 

motor (AtkiriHon type). motor (Elihu Thomson type). 


degrees, i.e, tlio brush, axis in displaced between 70 and 80 degrees 
from the neutral axis, FF, under the normal running conditions. 
In order to reverse th(3 direction of rotation, the brushes must be 
displaced in tlio opjiosito direction from the neutral axis, i.e. to the 
position bb, Fig. ; nee alno Fig. 804. This is equivalent to 
setting the win<ling B on an axis a® below tlio brtish axis (7, instead 
of a above it as shown in Fig. 808 ; or, referring to Fig. 802, it is 
equivalent to reversing the connections of F with regard to. the 
transformer winding G, Eeversing the connections of the single 
winding S would obviously have no effect (the current in this wind- 
ing is reversed every half-cycle of the supply) ; in order to reverse 
the rotation of the motor, the relative displacement between the axis 
XX and the brush axis must be reversed. 
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If the Hh<)rtrcimut(^<l bnishos \vw* plncrd tni flu* axis A" A'*, the 
windinii; K Fig. iWi would act simply as tla* triinHform«‘r winding 
(7, Fig:;. JF)2. A In^avy current would he indn(s*d in the anuature, 
hut tlien^ would 1 k‘. no field (*om)Mm(*nt, litniee tlie motor would 
doveloj) no torejm^. (.sv'c Ki^n d04). ''rhis Ih called ilif» ' short -circuit’ 
position of tln^ brush axis. If the brushes wen* moved still further 
in an anti-cl()(dvwis(^ dinad.iom 7,c, bt^yiuid tlu‘ Hue .YA' aiu! towards 
bh, Fig. tWA, th(‘. motor wouhl start in ilu* opposite direction, hut 
this is not the (U)rrect method of nu'ersnl heeansf* a very heavy 
curreuit Hows through thii armaitn’i^ when the brush axis eoiueide« 

with AW. Idle correct pro- 
• cedtire is tn tmjve the hrmhen 
/i^ haek from the Une t/ to the 
'^j \ ^ j’^ nentrni axis V}\ in which [jOHi- 

^1 ^ I .»o 0 :J tion the nrmatun^ current an 

^ torqtie is icero, and 

ti V taove the brush axis 

<li ^Hoekwise towards the position 

30*^ ) t j j ' j whereupon the iiad.or starfce 

\ t I anti«-ehK‘,kwme 

IV/ ! dhangdng the angle a, Fig, 

' '^Brusf: "Br-ush ' 

itek^sr'^ ^ 0<' O - an^le 

vm. »04.-Va™tion ,.f <.«rront »n,l <>f _ uf th.O.niRh 

totqtio of repulmon motor with (liHulare^ axis Inun the lunftnU axlH, 

‘‘ijiiivalont t.. varviiiji the 

ratio lMdw«*en the lunptTo turns 
of tlie field and transfornu^r windings, Fig. and its effect 

is to vary tlm characteristics of tlu^ moitu* as folltnvs: Increasing 
the angle /3 of brush displacement redticcs the field compiment and 
therefore incroaseH tlie spewed and reducf^s the fc(*rqut^ for a given 
current. Clonversely, reducing 0 rcsiuctm the triuiHformer com- 
ponent, the speed therefore deexeaseH and the torcpie for a given 
current increase's {see (tlso Fig. § 7*^*1). 

Brush elisplacememt from the neutral axis is a convimient means 
of starting an<l i’(‘V(*rsIng the plain reqmlsion motor of the single 
stator winding typ(^ hut it is not a very satisfactory liieans of speed 
(control, parti hecaiwe it is vtwy sensitive, a small cliange in brush 
position resulting in a relatively large change in spetsl, and partly 
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because the P.F. is low and the coinnmtation bad when the brushes 
are far from their normal operating poBitioii. Nevei-theless, motors 
of this type are used induHtrially where speeds from zero up to 
1*2 or 1’3 times synchronous speed are required, i.e. up to about 
3 750 r.p.m. for a 2-pole and 1 875 r.p.m, for a 4-pole, 50-cyele 
machine, most of tlie nxnning being in the neighbourhood of 
synchronous speed. 

The starting toixpie of a repulsion motor is high, about 2| times 
full-load torcpie with twice full-load current. Commutation is 
excellent at or near the synclironous speed but poor at speeds much 
above or below the latter. The P.F. is low at starting (about 0*4) 
but increases with speed. The operating characteristics resemble 
those of a single-phase series motor (Fig. 301, § 700), i.e. the 
machine is liable to race on light load and its speed decreases as the 
load-tor(pie increases. Tlie speed of the machine varies approxi- 
mately inversely with the held, and the latter varies with the load, 
within the limits of magnetic satui'ation. The speed of the motor 
is approximately proportional to the applied voltage. 

The efficiency of a i*epulsion motor developing 15 to 80 H.P. at 
speeds from 700 to 1 000 r.p.m. is usually about 80 to 85 the 
P.F. ranging from 0*8 to 0*9. 

Single - pliaso repulsion 
motors up to 30 or 40 PI.P. 
are used mainly to drive 
fans, centrifugal pumps, 
spinning machines, print- 
ing maclunes and hoists; 
larger sizes can bo built if 
required. 

702. D6ri Repulsion 
Motor. — The distinctive 
feature of this machine is 
the use of two sets of brushes, 
as sliown diagranxmatically 
in Fig. 305. One set of 
brushes is fixed on the ex- 
citation axis, but the other set is movable. When the stationaiy 
brushes F and the movable brushes M are both on the excitation 
axis (see Fig. 305 (a) in which the brushes are shown on each side 
of the axis XX for clearness, instead of both on this axis), they 
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are 6(|uivaleut io a ])air of Hhuri-firciattMl liriiN|u‘H uu the 

‘lunitrul axis’ VV, IF tha luovabh* hruslu's In* through 

au aii^lo 2^ from tlu^ axis AW, Ki^. (/I), ifiis is «*«|uivalent to 
shifting a singh^ pair of sliori-cimiittMi l)ruHh*‘H iliruugh mi augle 
/3 from tlu". notitral axis VV, Siuiihirly, if fho hiuinluss if Jf' he 
(llsplaeod 2/9' From tlu^ axis A^V, Fig. (yj, this is <‘<puvah*nt to 
a displiKMaiHuit j3' of a siiiglo pair oF slK^rt-rin'uittsl hrusiios. In 
other wonls, tin*? ac*. trial brush niov'riiuaii 2/9' '2/9 ■ 

=« twie(^ t.h() e(iV.cti,v''o auglt^ oF brusli sliift. 'riit* Dthi motor is 
tharoFore lass Honsitive than tlm ordinary roptilsitm mtitor to 
eluingos in brush position, 'rim angh^ through whiith its brush^j 
uiiwt ha ixjckad is twiea that througli whieh tin* hniHhrH oF a Hiiiiple 
repvilHiou motor have to he tuovi^d for the saim** idfeei. 

It M worti brought alongsule F\ and if' alongHi<ie i’’ in Big, 
305 (c), tlio arrang(mi(uit is chnirly that of an oril inary repulnion 
motor with the brushes on tlu^ exntation axis, /.r. in the ‘short- 
ciroAiit ’ position (§ 701), but tin*, displaeement of tin* hruHhoH from 
the neutral position is 180 di^gnavs instead of 00 <iegreeH as in the 
ordinary repulsioti motor. 

Tluj doxihlt^ hi’ush sots of the Deri motor divid(^ the armature 
winding into two i^oiuis, one of whhdi is (sHuptursating, with the 
result that eommutation and power ffU‘tor are improved. 

703. Series- Repulsion (Compensated) Motors* 'rim prin- 
ciples of tlu^ singlo-phast^ HtuduH-repulsiou motor is illustratiul by 

Kig. 300. 'rhe HhortHureuited 
brushes /f// are on the ‘ trans- 
foniier axis' (| 701), and the 
lield is prodm-ed hy the ar- 
nmturt^ winding itself, current 
for this pxirpose ladng led in 
hy hrusiies AW at right angles 
to ///i (in a two“p<jh^ machine) 
(HunuK^ted in series with the 
stator wimling as shown* The 
exact natur*^ of the oleetro- 
xnechanical action in thie 
machimj is dal)atal>l(^ For practical purposes it is sufficient to 
regard it as being due to interaction hetwaen the exciting flux or 

*♦* For a <loia.iled c.tJUHidomtion of thotliwry of this niatniineaeul lt.« diagram 

on load, .w * A.CJ, Oonnnutator Motois/ by W* Font, Kf. ^F‘t* 12, 1928, p. 695* 

Did 
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‘ tield ’ oi' the machine and the rotor Hhort-circnit current. A certain 
amount of phaHe-coiupensation occurs in this type of motor, whence 
the name ‘ coinpensated repulsion motor/ 

A seriouH objection to the simple series-repulsion motor is that 
the machine cannot be c()nnecte<l directly to h%li-voltage supply 
because there is electrical connection between stator and rotor; 
this objection may be overcome by using a double-wound transformer 
between the stator and the excitation brushes EE^ as in the Latour- 
Winter-Eichl)crg motor (Fig. 307). The P.F. of this machine is 
materially higlier than that of the ordinary repulsion motor and is 
unity or near unity at speeds above or equal to synchronism. The 
machine can be reversed by a reversing switcli R in the connections 



Fig . 307. — Latour* Wiuter-Eicliberg 
compensated repulsion motor, 



Fra. 308, — Series-repulsion motor with, variable- 
ratio stator and armature supply. 


to the excitation brushes EE. Motors of this type have been used 
extensively for traction purposes. For each tapping of the trans- 
former T the motor has a series characteristic, and starting and 
speed control can be etfected conveniently by varying the tapping 
in use. The k7A-capacity of the transformer T is small, viz. that 
required to magnetise the machine. 

In Fig. 308 the whole input to the motor is taken through 
a double-wound transformer, the secondary of which has a tapping 
so that the ratio of energy supplied to the stator windings T and F 
on the one hand and the armature A on the other can be varied. 
When the tapping J is at JW, the armature is short-circuited and 
the motor runs as a plain repulsion machine but, with J in an 
intermediate position, part of the supply to the armature is by 
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(•.(auliictiou aH in a iiioior. Hy luoviu^ ih*‘ tnppini^ ,/, npeed 

control m obtaiue<l and ^ood cunnimiatinn in maintaiut*d ovinia wide 
range of HjHUMl 'rhls arrangement has ht'en nntMl in heavy traction 
_ .sf»rviciv but the .siniipler eom- 

penHaittd«.serit*H type Is liow 
gel M* nil ly t 't ii j »1« >y t s 1 . 

An intermediate* type o( 
siiigh*“phiL.'s<*srri*‘s (‘ompenHated 
n'pulsum nudnr is shown in 
Fig. HOP. The (‘.xcitation 
lamshes of the armature are 
couuet*tetl an anto-trana- 
banner whiidi reduces the 
voltage ap}diiHl t<» the anna- 
tun* without, hi»%v ever, entirely 
isolating the latter from the 
main supply, diie curves in 



10<a 809.— Siiialo-pliawj Heri(‘H conuKtie 
sated motor; ox<riiation nuppiy taken from 
auto-tmiiHkn’mer {nee atm SlO), 


Fig. HIO’*'^ show the high ami low lindtsof ionjueat various speedH 
ibr a motor of this typo. An interiiuMliate curv(* Is shown dotted; 



k’ni, BtO.- -Ibrquo-Hpoed curves for 1-ph. seriuH oomj;itnHii.UKi motor <a« iu Fig»809). 


otlun- similar (turves, iiitonuediate l>6tween the high and low limits, 
(mil h<^ obtained by brush-shifting. It will \m mmi that brush- 


* nas(id on daia rtdatiiig to a CJtsneral Kltictric (H(5h«utJ«ta<ly) BHB machine, 
(tmi, PJL /(er., V(>I. iil4, p. 980. 
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shifting prod-uces comparatively little cliaixge in speed at light load, 
i.e. when the torque Ls very low, but a wide range of speed is avail- 
able at higher loads, and generally about 2 : 1 at full-load torque. 
For any given brusli-setting the speed varies with the torque ac- 
cording to a limited, i,(i. non-racing, series characteristic as shown. 
The starting cun*ent and, starting torque vary approximately as in 
Table 12G. 


Table 12(>. — HUirting Vh(ir(iete'i*istics of Single-Phase Series- 
Repwlsum Motor (as in Pig. S09). 


Eercentago of Starting Torque, 

SyucliroiioiiB Speed at pei* (jeut. of 

Eull-Load Toniue.* KuU-Loa<l Value. 


Starting Current, 
per cent, of 
Full-Load Value. 


0 100 110 

w no 125 

4.0 140 140 

CO 180 170 

HO 240 2S0 

100 276 300 


* Determinod by bruHli position. 

Tb,e starting currc^nt can be limited by starting with the brushes 
in the low-speed position ('^habhi 12f)), and tlie rate of acceleration 
is determined by the rate at which the brushes are shifted. A. 5 
H.P. motor of this type runs at about 80 efficiency and 1-0 P.F. 
at full-load toinpui and synchronous speed, and at about 65 % 
efficiency and ()‘7r> IMf. at full-load torque and half -speed. 

704- Repulsion-Induction Motors. — Machines of this type 
start as repulsion motors and run as induction motors, thus com- 
bining the liigh stai'ting tonjuo and series characteristic of the 
repulsion motor with the practically constant running speed (shunt 
characteristic) of tlie imluction motor. Generally, the starting and 
running characteristics of the repulsion-induction motor are superior 
to those of a split-phase induction motor. 

The repulsion-induction motor has one single-phase winding on 
the stator, and an armature resembling that of a D.C. motor. It 
starts as an ordixiary repulsion motor (§ 701) and when it has 
reached 70 or 80 7o synchronous speed the armature is short- 
circuited. This may be effected automatically by a centrifugal 
device whieli short-circuits the commutator and lifts the brushes, 
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thuH virtually convurl.iti^* thr anualur** to a H«|uirrol«ca^^u rotor. 
Altoruativoly, tlinu^ poiniH on iln^ annaitirf winding 1 -0 (electrical 
degrees apart may be c, on meet (a I ptennanuntly io .slip the latter 

baing on open oxtonial circuit during the Htartin^^ faidtal; Hota of 
bnrsbeH 180 (ehnetrical (he^rcos apart on ilu* conn imtator an* .short 
eiixuiihed during* the .starting p(U*io<l. Wlum it is di^Hinal to {‘haii|/e 
IVom rtepulsion to induction ojuu’ution, tie* slip are connected 
exhu’nall}' ilinai^’h laeHiHtaiHMss arruiijiji^cd in star, n^sistauca 

being’ thou reduced and tinally abort* (urcuittHl. Hm* current surge 



Fjo. Stl, — Torqne-Bi>0e(l (uirveH for induotiem, rcpulHion awl rrjutUiiou uidiuaiou 

motorH. 

and mechanical shock resulting from abrupt slmrt -circuiting of the 
arnaitnre are thus avoidenl. 

Typical torque-spet^d curvcjH for ordinary induction, ordinary 
repulsion and combined repulsion-induction moha’s are given in 
Fig. Jbll. The starting torque of the repulsion-induction motor ifl 
fianu 2 to H times full-load with from IJ to 2i times Ml- 

loadcnrnjut when starting on full voltage, according the resistance 
between the comnmtator brushes axel the details of the design of 
the machiin^. If series resistance or other means of reducing the 
voltage b(^ used during the starting period, the motor may start 
with from I to I J times full-load torque and full-load current. 

The USB of slip rings and a variable external resistaxice is one 
nudhod of avoiding an abrxipt increase of toixfue when ehan^ng 

idH 
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from repulHiun to induction workin^^ Another method is to iise 
a special type of doublo-wound rotor containing a conimntated 
winding as the repulsion element and a deeply embedded sqnirrel- 
cage winding which contributes a smoothly increasing proportion of 
the total torcjiie ol: the motor as the machine accelerates. It is 
claimed that niotuns built on this principle combine practically 
perfect commutation with a P.F. of about 0*95 over the running 
range. 

Since the repnlsion-ixiduction motor runs normally as an induction 
motor, its opei'ating characteristics are those of an induction motor 
and it is incapable of spee<l control. The high starting torque 
makes this motor useful in lifts and in other applications where it 
it desirable to combine powerful acceleration with nearly constant 
speed at all loads during normal running. 

70S. Synchronous-Repulsion Motors.— This type of motor 
has been developed to 
(synchronous) drive or an 
adjustable speed up to, 
say, times th,<3 syn- 
chronous sp0e<l of the 
machine. It was de- 
veloped pxiinarily for 
driving cinematograph 
projectors which may 
need to bo driven at a 
definite speed fcir the pr<j- 
jection of talking motion 
pictures or at an atljust- 
able speed fur siltmt pic- 
tures ; * no doubt it will find other applications in similar circum- 
stances, partictilarly for fraetional-H.P. outputs. 

The machine consists essentially of a synchronous motor and 
a repulsion motor cotnhined in a single magnetic circuit and using 
the same windings, as shown diagrarnmatically in Fig. 312, where 
S represents the stator windnig; G, the rotor winding, serving as 
repulsion armature and D.C, exciting winding; B, the brushes on 


provide, as desired, a constant-speed 



Supply 

Fig. 312. — Synchronous-repulsion motor. 


* See ‘ The Synohronous-IiepuMon Motor,’ by H. 0. Specht, cTbwr. Aumr. 

May 1930, p, 34:6, whence the present notes are derived, for a detailed statement and 
explanation of fc>ie oharaoteristios of this machine. 
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the coluumtator ; and /), the hnushen on ilu* slip rin;^, A rej^ulat- 
iu|i; n^HistffUH'e H is ceimocie^l hetwoiMi tin* hnisln^s />* ; a storage 
battery A', or otlua* sourcct of I>.('.> is <‘omH‘ft<*d in fho slip-ring 
circuit; a centrifugfal or other auhaimlic svvitcdi A” is pruvidoil; and 
the elianjge-ovc^i' swihdi F is (‘oinioctisi as shown. When F is cloned 
on the upp(U‘, ])air oT contacts, the motor operates as an ordinary 
repulsion motor (§ 701), sjhsuI contnd heine' (droct<‘d hy tlu* n^sistance 
It, On th(^ otluo’ hau<l, with F (doH(*d t»n tin* haver pair of eontaets, 
the D.O. excitati(ni c?stahlislu\s tna^nciie poles in the armature 



Kwo SlS.—CJhamctoriHtics <>£ 4: t»0-eydt^, 220 th 4“|>oI«s I |ih. Hyiu*hrt)mu8- 

ropulnioxi motor. 

Thin thlted MacUiiiHs oiSiraUHl as a Kvnolironouu mf>tor with 12 A, D.C, 

excitation, roimiHiuu brunliOH lifted hjhhwI <’oiisttuit at 1 200 r.p.nu 
Thin Holid curvea. -Machine o]>crato(1 as <jnlinHry‘ ro|HilHion iuott»r. S|mhhI variable. 

Thiele Holid curves. Machino operated an HymdirtjmmH repnlsiun motor with 12 A, 

D.O. oxcitatiou. Sixjod 1 ^00 r.p.m. 

which, lock with the rotating field set up hy the rt^pulsion motor; 
the inachiiK^ therefore coineH up to sptsed, pulls into step and nuiH 
as a syimhronous machine. A tlywlmel previmis hunting during 
s}" nch r< ) n< )us operati on . 

The motor can l)e operated Hynchronously with its Hli|) rings 
Hhort-cire.uit(^d, hnt its pull-out tunjue in greater, its operation more 
stahlci, and its P.F. lugher if tlie I),(k (excitation he maintained 
Fig. 31 d shows test eurwis ndating to a motor of this type 
op(Tat(^{l suce^^MHiv(dy as a synchronous, a n*pulsion, and a syn- 
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chronous-repulsion machine. The efficiency curves in this figure 
do not allow for the I).C. excitation inpxit. The pull-out torque as 
a synchronous motor was 20 o^:.-ft. ; the repulsion motor torque at 
1 800 r.p.m. was 26 o>5.-ft. ; and the measured pull-out torque as 
a synchronous-repulsion motor was 50 oz.-ft. As a synchronous- 
repulsion Tiiotor, the starting torque was 90 oz.-ft. and the pull-in 
torque was 24 oz.-ft. 

706. Single “Phase Commutator Motors with Shunt 
Characteristics. — Motors of tliis type are often called "single- 
phase shunt ’ motors for brevity. Like D.C. shunt- wound motors, 
they run at nearly constant speed at all loads within their range, 
and their excitation is iTulopondent of the load There, however, 
the analogy ends. Subject to certain practical reservations (§ 700), 
a D.O. series- woxind motor can bo used on AC. supply, but this is 
not true of a D.C. slnint- wound motor. If the latter were con- 
nected to an A.C. sxipply, the field 
produced woxild lag 90'’ behind the 
applied P.D. ; tbore would ho prac- 
tically 90“ diffonmeo in phase be- 
tween the main field and the 
armature emront, honco no appre- 
ciable driving toi'que woxxld be 
produced. 

The principle of tlio single-phase shunt-type commutator 
motor is illustrated hy Fig. HI4 (2-pole machine). Two sots of 
short-circxiited brushes are employed, one on the axis of the stator 
winding T, and ono at right angles thereto. The current flowing 
between BB is <hie to the transformer action of T, and when the 
machine is running there is current flcjwing between EE due to 
the E.M.F. pi’oducod by rotation of the armature. The flux on 
the BB axis, and therefore tlie E.M.F. of rotation, is in quadrature 
with the voltage applied to the stator winding. The current on 
the EE axis and the flux which it produces lag practically 90“ 
on the E.M.F. of X'otation. Hence the flux on the EE axis is in 
phase with the voltage applied to T and, so is the current between 
BB; in other words, the fltix on the excitation axis is in phase 
with the current on the transformer axis and a driving torque is 
produced. 

In this simple form, Ixowover, the motor has no starting torque 
and it can only run near synchronous speed. Also, in regard tq 

141 



□sr 

Fig. 314. — Single-pUase commu- 
tator motor witli shunt character- 
istics. 
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tongue, l\F. mil ofHciomy it. iHiiiHru^r mn^d^^-phaHtMuduction 
motor (I ()89), boHideH involving tlio oho of a commtitrttor. 

The characfcoxisticH (d the motor can ho iiupnivod liy ooimecting 
a compeiiHatio^ <m the axis of T hotwomi iho hrunhes ME 

thus injecthi|>^a volta|>fo in phases with tht» applitni vt)lta<^^o into the 
exciting circuit and raiHiug the P.K. Similarly, Hpot^d control can 
he obtained by injocting a variable P. I), bofwtnm iho bru.slu'H M 
(Bee also ^ 784). Tlu^ motor can bo Htart«ol hh a n^pulmon motor 
by opening tlic^ connection botwmni /*JIi ; tbo starting ior(|U6 is 
then high. 

M'o(lern Hinglo-phase, Bhmitd.ype commuiaior moi(»rH with phase 
componHation ami jmwiHion for apiMvl variation maintain a {Mwer 
factor near unity down to about ono4hir<l of full-load. The 
efRcioncy is usually 4 or 5 low(U‘ than that of I).<b nu»hn’H up 
to 5 H.P. and 2 or 8 *7,, lower tliaix that <»f U.d machines in 
50 H.P. units. Gonorally, the A.O. machines is Id to 15 "4, dearer 
than the ocpiivalont 1).0. motor, h\rt it may h<^ 20 t<j 80 7„ lighter, 

Tho control of these motors is diH(5UH.s(^<l in | 784, where, also, 
]>articxilars are given of a two-spoed ma(dnm». for lift service. 

707. Three-Phase Commutator Motors.— Two single-phase 
ropiilnion motoi^s coupled imichanic^ally can he supplied electrically 
by tho two secondary phasoB of a Bcnrtt To(5-tranHformer (§894, 
Vol 2), and tluH arrangometit is sonn^inms employiui : the siwd 
of tlui coupled inotorH can be variiwl like that of a singh^ machino, 
and tho load on tho d-phase supply is balanced, (Generally, how- 
ever, it is preferable to us(^ a d-phase commutator m<»tor. This is 
a single niachino and almrrt or series ebaraeteri sties c^ati Im^ obtained 
as desired By th<^ use of auxiliary transhirmora and/or self- 
inductances a 8-phaso HorieB or sluint tyjs^ motor can com- 

poxiudcd, 'Le, its charactoristicB can be made to resfunlile those of 
a IXO. cunmlativoly coinpoumled motor (§ 877). The no-load 
spe 0 <l of such a machine is limited, and the decrease in sped 
between no-load and full-load is more or less considerable accord- 
ing to the degree of com]_>ounding. 

Tho cost of a B-phase commutator motor is generally higher 
than that of a slip-ring induction motor witli s|)ced-regulatmg 
resistance, but this is more than counterbalancefl by the higher, 
efficiency of the commutator motor if operation is retpiin^d for any 
considerable time at reduced speed. If it is desired to run at 
reduced speed only occasionally and for short |)eriod«, the slip-ring 
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induction motor may be more economical than a 3-phase series 
motor; but if, in addition to speed control, it is desired that the 
speed selected be maintained practically independent of load, then 
a 3-phase shunt motor should be employed. 

Current being supplied to the stator and rotor of a 3-phase 
commutator motor either by direct conduction or through a static 
transformer, the supply frequency is maintained in both windings 
at all speeds. The ‘ slip energy ’ of the machine is taken from or 
fed to the supply mains according as the rotor speed is below or 
above synchronism. 

Apart from their use as independent machines, 3-phase commu- 
tator motors offer a convenient means of utilising the slip energy 
of large induction motors, thus allowing the speed of the latter to 
be varied continuously and efficiently (§ 694). 

708. Three-Phase Series-Type Commutator Motors. — In 
general, the stator winding of a 3-phase series-type commutator 
motor resembles that of a 3-phase induction motor, except that 
both ends of each phase-winding are brought out ; while the rotor 
is similar to the armature of a D.C. machine. The stator and rotor 
are connected in series via the commutator brushes, either directly 
or through a transformer. The characteristics of the machine 
resemble those of a D.C. series-wound motor in that the speed 
decreases with increasing load, but, whereas the D.C. aeries motor 
races on light load, the 3-phase series motor with intermediate 
transformer has a definite no-load speed, usually about to 1| 
times the synchronous speed, imposed by the saturation of the 
rotor transformer. The motor can be started, reversed and con- 
trolled in speed by shifting its brushes ; alternatively, the motor 
can bo started by a variable-tapping transformer, and reversed by 
interchanging two supply leads. Electrodynamic braking is 
effected if the brushes are moved back through the neutral position, 
but the frequency of the current generated decreases as the motor 
slows down, hence the energy can only be dissipated as heat, and 
not returned to the supply mains. The range of speed control at 
full-load torque is usually about 3 : 1, but ranges up to 6:1 can be 
obtained without instability if desired. It is easier to design this 
type of motor for 2S-cycle than for 50-cycle supply and, though 
larger machines can be built, up to 1 000 H.P. or so for rolling 
mills or winding engines, the usual limit for standard commercial 
motors is about 150 H.P. for. 25 -C 7 cle and 100 H.P. for 50-cycle 
supply. 143 
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The purpose of tlu'5 iutermcMlialo fraonfornior, iH^fwt'on atatior 
an<I rotor, is to ro<luc<^. the aj^pliod to the <‘oimoutator 

imially to »5(> to I(K) V; and thin transfunupr doals only with the 
pow<w fcsd to th(^ rotor. If iHwoHHiiry, aito(!i(o* irnnsformto' in nsed 
hotwoon the nuiiim an<l th<^ stator wlior(v supply is concornefl 
Three typical arran^onHUits arc shown in Fi^^s, dIA in ;U7. 

In Fig. H15 t<h<? tmuHformor is t'dtuM'cn'd In'twvm jHniith mul the* ntator 
duikI innst bn raU^t for tb(‘ full inob>r output* AIho, tho HbiUir will Ih) heavy 

as it is coniia*.U',d ohictHcally tiie^ hrunhuH and munf ihfr«‘t»n* Im» di'niguM for low 





Fi<b 316.-- “Throo-phaHc 
fiorioH motor with 
tranHformor liotwocu 
mains and stator. 


Fi<*. am Thrt^rphaH* 
HCsrioK inoUir with 
transforjunr 
stator and rotor. 


»’jo. 'Ml, Thrw.pha8« 
tmtm ittonir with 
triumfornior Imtwoan 
Htat4»r and rt>tor and a 
donhio Hut of hniilm 


voltago. Afurtiior objection is that the motor in Ikhh* to m’o on light load and 
must therefore bo iwwidod with aoentrifngal Hwih»h. 1'hiH arrangwicnt I» seldom 
om ployed. 

In Fig, SIO, which n^presonts the arrangement generally rnoploywl, the trans- 
former is botwecii thn stator and rotor and has only to d«l with the *slip enetigy,’ 
i, 0 , the energy in tho rotor oirenit. The inoroaiiing sauirntieit of the tmnsformw 
limits tho spood of the motor on no-load. For n' variation of h|w! from syn- 
{'.hroninm, tho kVA capacity of tho transfonnor ia ahout n. of the motor kVA at 
synchronism, ft is tln^roforo more economical to SiHure thetliwm'd npmi variation 
by working above and Inflow BymshroniHm rather than on either Hide of iymhrcmism 
alone, apart from the fact that the commutation is hetu^r ami tho afllelinoy and 
jKJWcr factor higher when working at or near sync hrtmiHiii. 

Fig. H17 shows the same armngemont as Fig. JUd that eatdi phase of 

tins secondary winding of tins tnumformer is now ronnotstcc! Instweaii a fixed and a 
movable brush (or line of brushes). The advantage of thi» arrangement is that 

144 



ELECTRIC MOTORS 


708 


displacement of the movable brushes reduces the ratio of stator to rotor turns as 
the speed is increased and thus secures stable running over a wide range of speed 
without sacrifice of power factor. It is claimed, however, that the latest 3-phase 
series motors fulfil practical requirements in this respect when arranged as in 
Fig. 316, i.e, without the complication of a second set of brushes. 

The tox'que-speed characteristics of a S-phase series motor may 
be regarded as intermediate between those of an induction motor 
and a D.C. series motor. Thus, Fig, 318 shows diagrammatically 
the case of a 3-phase series motor which, with 175° brush dis- 
placement, develops a rapidly increasing torque as the speed is 
reduced until the point A is reached; at yet lower speeds, the 




Fig. 318.— Diagrammatic represen- Fig. 319.— Torque-speed curves of 3-ph. 

tation of instability at low speeds in series motor for various brush settings, 
a 3-ph. series motor. 

torque decreases and the operation of the motor becomes unstable 
on the part AB of the curve. The characteristic curve is similar 
but less pronounced at smaller displacements of the brushes, and 
the torque decreases rapidly as the brush-displacement is reduced. 
A modern 3 -phase series motor has no such points of instability 
within its operating range, a typical set of torque-speed curves 
being as shown in Fig. 319; there are, of course, innumerable 
intermediate curves, one for each brush position. These curves 
are roughly similar to those of an induction motor with variable 
rotor resistance. High starting torque can be obtained and the 
torque-speed characteristic is of the series type ; the starting 
torque per ampere is, however, higher than in the induction 
motor and the speed gradation is now continuous, 
von. III. 145 
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According to th(> of tlu^ laaduiH* mid itn rau^t^ of opera- 
tion, tho, P.F. of tlu'! HorioH uioiur is lu;>;h (Hlii^litly lagging 

or loading) au<l in woll iaaintaino<i ovor a oonHidtoiihIo range of 
load. The machine cannot, however, 1>C! UHe«l for general P.p, 
improvetnent in the naTne way an the HynchronouM motor. Typical 
valims of eliicu^ncy and power factor at courtiaui hanpu^ are; 
ellicieuey;, <sr) at aynchrononH .sp(*ed and To d at half eyn- 

chrououH Hp(Mo[; P.K., (>*P5 and 0'(> reHptM‘tively. Tin* F,P\ may 
be lea<ling at wnper-HynchronoiiH Hpeetln on light load. 

Tlu^ usual applicatitniH <if d-phane HorieH-type tMinimutator 
motors are HiihHtantially tht^ same an those of l>.(h series-wound 
motors, viz. haulage whudies, hoists, slnoirs, eenirifngal pumpa, 
fans, hlowtms, and sometimes rolling nulls, winding engines, loco- 
luotives, etc. The starting tor<|ue is highto* than that of an 
iiiduetion motor, and tlu^ H-phasi*j siones motor can he tised with 
advantage in convenience and tdlicieiuy in most cases where 
a slipi-ring induction motor with variable roior resistance might 
],)B employed. The Ihpliase series motor is specdally suitable for 
constant toniucj loads, or for variabh* t<jri{ue loads in which a de- 
creasiM)!' spoi^d wdtii imo’easing tonpn*» is tlesired: the use of an 
automatic brush-sotting regulator enables constant spetsl to be 
maiutaiiuMl at variable tonpui if desired. ''Phe .i-phase serioH 
motor is usually cheaper and mon^ tdruneni than the commpoml- 
iug ihjdiase shunt motor, hut its variable s|hss| may he an 
objection. 

709. Three-Phase Shunt-Type Commutator Motors.— 
A ^-phase commutator motor of the Hhuni«ty|w* is so called 
because its load-HpoiJtl (diaractoristica nwimihle tliose the D.C. 
slumt-wound motor and, as in tire latter, the hehl iUmn not vary 
with tlic load. Broadly sjHsaking, tln^ statiir of a B-phase shunt 
motor rosembloB that of a B-phaso iiulnction motor, whihi the rotor 
has a winding and commutator reHcnuhliiig tlnmoiif a 1>.(1 iiiachina 
In Homo instances, a variable-ratio transfurimu’ is used in conjunc- 
tion with the motor; atid, in other eases, aiuciliary windings are 
employed on either the stator or the rotor, lawic principle 

(‘.onsists in applying an E.M.F. of line fn^iuency to the hriishes, 
this K.M. P. aiding or op|H>Hing the imlucitd in the rotor 

winding liy tlu^ rotation of tlie latter. The commutator acts as 
a ft‘c.<iuenc,y-(diangcr lietween the line freqtusney in the b™h 
h‘a<ls and tins slip fnMpieney in the robm windings. Speed control 
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is obtained by varying the E.M.F. applied to the brushes ; when 
this aids the induced E.M.F., the motor runs at higher than 
synchronous speed, but when it opposes the induced E.M.F., the 
motor runs below synchronism. The motor can thus be set to 
any desired speed within its range, this speed being nearly in- 
dependent of load except at low speeds when the decrease in speed 
with increasing load is considerable, as shown diagrammatically in 
Fig. 320. By altering the phase of the E.M.F. applied to the 
brushes, tlie P. F. of the machine can be adjusted and, if desired, 
the motor can be made to operate at leading P.F, at full-load. 

From the descriptions given below it will he seen that the 
3-phase shunt motor is essentially a compensated induction motor, 
the coiumutator in which enables the slip to be regulated to any 



Fia. 320. — Speed-torqxie curves of 3-ph. shunt motor (diagrammatic). 

desired positive or negative value (below or above synchronism), 
without tlie loss occasioned by rheostatic control, and without the 
variations of speed with load occasioned by rheostatic control. 
A speed range of 3:1 is usually sufficient, e,g, from 1 500 to 
500 r.p.m. if the synchronous speed of the motor is 1 OOO r.p.m. 
A further reduction of speed, down to crawling speeds, may be 
obtained, as in slip-ring induction motors, by inserting resistance' 
in the secondary circuit, but this method should be used only for 
temporary purposes since it involves rheostatic losses. Usually, 
from If to 2 times full-load torque is obtained on starting at full 
voltage, with about 1|- times full-load current, hut a starting torque 
of from 2J to 3 times the normal full-load torque can he obtained 
if desired in the latest machines of this type. 

Shunt-type A.C. commutator motors may be stator-fed, rotor- 
fed, or double-fed, i.e. the connections from the supply mains go 
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to the Htator wiiiclingH, I'otor wiiulin^H, *>*’ Injth, an iht» may 
ba The principle of operation is the. same In oa<*!j 

Fi^. 321 shows (lia^n'aimnaticHlly the <»f a ciouble- 

fed motor. The stator may he <toim<u*itMl (iinH-tiy to the supply 
mains, even in the. case of 11. T, supply ; anti ihn (HunuHtiitui Imtween 
the mains and tlu^ rotor is through a variahht-ratio, s^xlowr 
transformer, so that the E.M.F. applaud it* the ctuniiiutator does 
not excee<l, say, 300 to 350 Y. 1'ht^ transformtu* T h^etlM sllp-energjr 
to or from the rotor, an<l its (dfective voltai^c^ ratio at any moment 
datermhies the sptKal of tlu^ mmdiint^ lii^vt^rsal is idlected by 
interchanging two stator h^atls aiul also iwt* rot<*r leatis. 



Fio. S21. — DoubliJ-ftid nlumi typo S-plu Fto. S‘i‘i, ' SiaUa-bHl a ph, Htmut inotoi 
fxnnnmiatov iaotoi*. with itmu* nnawftiKl t« st»tor 

tapping*** 

Tlie use of a separate step-down transftaiuer in ili<^ rott*r drenit 
may he avoitled by nsingthe stattn* windings jts an atitu-transfoniier, 
the bnish leads being then taken to tappings t»u the stator winding, 
as shown diagrammatical ly in Fig. 322. To obtain siamds above 
synchronism, the stator windings nmst Im extemled anti provided 
with tappings heyond the star point This arrangeme.nt, like that 
in IHg. 321, pr<wideH only for step-by-step contnd <*f spetMl, the 
numbtir of spet^ls and the hiioness of the gratlation being determined 
I>y the number of tappings. In either ense, P.F. improvement ean 
Ixi etteeted by connecting a coil from anotlmr phase iii the brush 
leads, so as to inject a component of E.MJ\ suitably out of phase 
with the true star vc^ltagtx An imluction rt^gulator might be used 
to vary tlu^ magnitmle and phase of the RM.F, appimd to the rotor, 
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but an objectionably heavy leading current is then obtained at and 
near synchronism. 

The use of tappings and step-by-step switchgear is avoided, and 
continuous gradation of speed is obtained, by feeding a B-phase 
primary winding on the rotor through slip rings, and connecting 
the stator (secondary) windings between double brushes as shown 
in Fig. 323 ; these brushes are on a commutator the bars of which 
are connected to an auxiliary 
regulating winding on the 
rotor. By moving the a and 
b sets of brushes simultan- 
eously in opposite directions, 
the E.M.F. applied to the 
stator windings, and hence 
the speed of the motor, can 
be regulated continuously. 

The coiiiinutator is relatively 
small as it deals only with 
the kVA of ‘slip'; below 
synchronism the regulating 
winding takes power from 
the secondary, and above syn- 
chronism it supplies power to 
the secondary. The current 
in the regulating winding is 
derived from the primary by 
transformer action. 

When the brushes a and h 
are in line the secondary 
phases are short-circuited and 
the machine runs as an ordi- 
nary induction motor at synchronous speed less slip. Speed control 
above or below synchronism, say from ^ to times synchronous 
speed, is obtained by displacing the brush sets with regard to each 
other, still keeping the brushes in each set 120 electrical degrees 
apart. Inching speeds can easily be obtained by putting resistances 
in series with the secondary phases. The two windings on the rotor 
being electrically distinct, star-delta control can be applied to the 
primary if desired, and there is no electrical connection between 
the commutator and the H.T. supply. As a matter of interest, 
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Fig. 323. — Schrage S-ph. slmnt-type com- 
mutator motor. 
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323Hh(niMb(^ eoiiipanul with ‘hJO, § 72H : if th(^ !> bniRhes 
ill 323 bo (miittod mid tho stator \vindin«j^ ho connected in 
ater, the inachino bocotm^a a coiuponsatod iodnetion motor witli 
P.F. control by <liHpla(diig the bruslioH o, but no provision for 
apeed variation Ki^X- 2!83, § (>8H). 

Idiia motor, which is ]irohably iluMuoMi *xrncrally tiHtdVil variable- 
apoed A.(b motor ytdi <hw(do}>od, is jipplitul to a ^roat variety of 
pnrpoaoH when*; a wi<le raii^o of ajMS'd adjiiHimonf is r«Npured, and 
the speed is <le,sir(^<I to he ])raeti(*ally eoustaiit at nil loads, d^ypical 
ratin^H from 5*0/ I 'h H.F. at I 500/500 r.p.in. up to 

100/32 IT.r. at 720 / 240 r.p.m. (the tonpie Inniiix constant, the 
H. P. varioa with the H])eed), hut ratings outsith* these limite can 
be obtained up to about 300 H.J\ if nnpiired, Typical values of 
cfHci(3ncy ran^i^e from HO to 85" ' at from |»load to fulldoad at 
synchromms or higher spcM^d ; ami from h’5 to 75 \ between half 
and full-load at tlu3 lowest sptwd (say, half symdironouH speed), 
Typical values ol’ixjwtu* fnetor as billows 


Ooiul. 

1 

1 

i 

i 

. at speod (appfox.) 

^ Hytu'.hivniouH . 

. o*7a 

0-70 

0'H2 

o*tm 

Hynclmimms 

. (ym 

(>•77 

mm 

0*50 

14 X synnhronouH 

. I'tX) 

um 

0*07 

0*H‘i 


Within limits, tb(3 IbF. of the. niaeldne can Ih 3 varied, ami kept 
lofulin^f or unity over a (amsiih arable ran^i' of Itiads and hihhmIk, by 
altering the position of the commutator brush ^mir as a whole with 
re|jjard to the pliase windinij^s on the stator. I'lns niay he done by 
<Hsplacin|j; the sets of hrushcH untsjually from th<3 neutral position; 
in any case, sonio complication of the brusli |>^ear is inv<}lve<l. 

Shunt-typo machinos ar(3 the most ext<mHively used type of 
A.CJ. commutator motors, because in the majority of industrial 
<lrivin^^ scrvicos it is dosinxl tliat a tix(y<l <»r n3|ridahle should 
bo maintained substantially constant, regardlens of variations in 
loa<l The slnmt-type A.th commutator motor fultilH these reijuire- 
ments. Eithorto this type of motor has Ihwu maiiilj” employodin 
textile, paper ami printing works, but tlicni is no rc^asou why it 
sliould not be used much more generally, c.//* for driving fans, 
pumps, machine tools, lifts, stokem, ami so on. The high starting 
ton pie of modern motors of this tyjK> random tlmiii suitable for 
driving holt e.ouveyors and other machines offering great resistance 
to starting. 
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710 Fractional-H-P. Motors : ‘ Universal’ Motors.— The 

T? c! T definition of a fractional horse-power motor is one of any 
Tontinuons rating less than 1 H.P. per 1 OOO r.p.m. {see also § 670 
and B S S No. 170 (1926)). The standard limits of rated voltage 

for these machines are 

iH^F^andlbovo but loss than 1 H.P. per lOOO r.p.m. lM-480 V 

Less than 4 H.P. por 1 000 r.p.m 100-250 V 

For A.C. Motors : ^ 100-250 V 

Single-phaso - ‘ * 100-250 V 

The types of motora most employed in fractional-H.P. sizes are 
■nr qerioH nhwit and coinpoimd wound machines (|§ 675 - 677 ), 
dngic-plms; induction motors (§§' 689. 690) and ‘imiversa 
motors (sec below). For special purposes D.C. with 

permaneU magnet fields (§ 678). and synchronous motors (§ 680) 

n TP lifted in fractional -H.P. fti^ea. ^ ^ i -j. • 

The D 0 ftorioft type is restricted to applications in which it is 
.q^lrahlo for the spoo<l to decrease with increasing load, and to 
.lrivi..s t.™ -0 U»t ae„ i, .« posdbffity of ft. 
load being completely removed, allowing the motor to race. 

D C. shunt motors are relatively constant-speed machines and 
tlieir starting torque can ho increased, if desired, by cumulative 
coinpoumlingL hut this involves a greater drop m speed with in- 
creasing load unloHS the compound winding be disconnected after 

H^P^^docroasos 'to a much greater extent than that of larger 

between no-load and full-load may occur m D C. shunt motors ot 
1 ’ H P rating. Small shunt motors may be switched straight 

orto%he supply, but a starter is advisable for 
i H.P. if the machine is to bo started on load, oi i H.P. it the 

Whero*^ a 'Xso approximation to constant speed is required, an 
i^duT^oTllr be preforaMe to a D.a shun motor, the 

decrease in speed of the former being usually about 8 /„ 

from no-load to full-load in fractional-HT. size • 

The efficiency of D.C. motors of fract onal-H.P. 
k I. n-n 60 ”/ (lower in the smaller sizes). The char- 

are given in Table 122, § 690. 
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Typical speeds and weights of fraotional-H.P. motors are given 
in Table 127; lighter machines ami motors of hight^r speeds can 
be obtained if desired. 

Table 127 . — Typical Speeds and WcuiIdN of F-ro,i;tional- 

H.P. Motorn. 


Typu. 


Hating 

H.P. 


D.O. Series . 



D.O. Shunt 


(0- OB,S) 
(0* 050) 
(0- 126) 
0* 1(57) 
0* iiSO) 
(0* 600) 


A.C. Series 


A (0*020) 
(0*083 
(0*060) 


A.C. Induction (4-pole) 


I (0* 126) 
i (0* 260) 
■I (0- 600) 



Weight 

(at 50 A.O,). 

Lb. 

2(XK) 

n 

2 400 

15 

2(XK) 

U 

2(KX) 

U 

1 m) 

20 

I m) 

24 

J 660 / I m) 

:16/B0 

1660/ 1(KX) 

(50 / 104 

2000 

n 

2 000 

li 

2 000 

14 

1 426 

20 

1 426 j 

8S 

1 460 

66 


Small motors xip to I H.P, or ho aro larg(!>ly for driving 
domestic machineH (§ 57J), Vol, 2) r.g. vactmtn sewing 

machines, washing machines and rofiigoratorn. Hie me jjt^r aiininu 
seldom exceeds more than 3()0-4j()() lioni'S in chho of vacimui 
cleaners, sewing machineH and washers, ho tlmt the total annual bill 
for their energy consumption is quite mnall, and thc^ (dliciency of the 
motor receives little consideration. On the other hand, where the 
motor is in service for long hours, as in the case of Home nmall fans 
or blowers (particularly in industrial service) and in refrigerators, 
the total energy consumption ih conHiderahle, and it is worth while 
to purchase a motor of the highest efficiency available. 

For example, a ^ H,I\ motor ol 60 % ©flicionoy cwihuuiw 878 W on full-load, 
whilst one of 70 % efftoienoy ^consumes only 266 W, a dilferonee of 107 W which, 
during 2 000 hrs. per annum, and with energy at Id, per kWh, mproHcnfcs a Having 
of 17s. lOd. on the electricity bill* or a return of 10 on an invoatinmit of alwut 
£8 18s- In other words, there would be a net saving if the more efficsienfe motor did 
not cost £8 18s. more to purchase than the less effloient mooldne. 

The power factor of fractional horse-power A.C, motors is often 
very low and, where such machines are used in large numbers and 
for long hours, it is a matter of importance to the supply company 

152 



KI.ECTliIC^, MOTORS 


§ 710 

to encourage the use of those types of motors which have the highest 
power factor (§ 690). Taking a long view, the company should he 
equally interested in encouraging tlie adoption of the most efEeient 
motors, the lower kWh consumption per motor being more than 
compensated by tlie increased use of electrically-driven appliances. 

‘ Universal ’ Motors .* — The term ' universah motor is generally 
applied to a series-wound or compensated series-wound motor which 
is capable of operating at about the same speed and output on either 
D.C. or single-phase A.C, supply of about the same voltage and, in 
the case of A.C., of frequency not exceeding 6(> cycles per sec. 

As explained in § 700 any D.C. series-wound motor can, 
theoretically, he operated on single-phase A.C. supply and, though 
in the larger si^^es there are material differences in the design and 
construction of motors intended for D.C. and A.C. operatioii 
respectively, it is both practicable and expedient to build small 
‘ universal ' motors of fractional horse-power, capable of being used 
satisfactorily on either D.C. or single-phase A.C. supply. All such 
motoi's are necessarily of the series type, because a D.C. shunt- 
wound motor cannot he operated on A.C. (§ 706), and the whole of 
the magnetic circxiit must be laminated to avoid excessive eddy 
current loss when operating on A.C. supply. 

In the earlier makes of tiniversal motors there was a niai'ked 
difierence between the performances on D.C. and A.C. supply, and 
both the speed and the oxitpxit were substantially lower, the higher 
the frequency of the A.C. supply. These differences have been 
largely overcome by improvements in materials and design, and the 
latest universal motors designed for high-speed operation, 3 500- 
4 000 r.p.m. aixd higher speeds up to 8 000 or 10 OOO r.p.m., have 
torque-speed curves which vary 10 7o ^'^om each other at all 

loads up to full-load on D.C. or AC. between 25 and 60 cycles/sec. 

The iron losses arc lieavier during A.C. operation, owing to the 
alternating flux in the field system ; and the current is heavier, 
owing to the P.F. being relatively low. Both of these causes 
reduce the efficiency and the eflective output. The main cause of 
the difference between the pcrformance.s on D.C. and A.C. in the 
earlier machines was, however, the reactance voltage of the field 
windings, which inci'eased with the frequency and was equivalent 
in effect to reducing the voltage applied to the motor. The serious- 
ness of this factor has been reduced by designing motors to operate 

•“See § 424, VoL 2 (5fch Ed.), for motors whicli can be used on either A-0. or 
D.O. by means of grid-controlled mercury rectifiers. 
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with specially weak fields, a conipeiisatinic winding 

where necessary to prevent the annatiire ainpere-turus from djg. 

torting the field sufficiently to cause had coinmutatinn. | 

Though a modem high-speec! ‘universal’ mntor justities | 
name to the extent that it giww reasonahly uniforin performance on ^ 
D.C. and A.C. supplies of fre(pi(’!ncit‘s from 25 iU) tydes, tlie ' 
same cannot be said of low-sptHMl machines or of tlio older makes of ? 
this type. There are still in use ‘universal’ motors winch, on 
50-cycle A.C. supply, are capabliMif de-vidoping <july from one-third 
to two-thirds of their D.(h rating. 

Universal motors, being series machines, nn^ liable to run at 
dangerously high, speeds on light loa<Is except in the smallest nizes 
when the windage and bearing friction ])rovide^ HthFuibnit load to 
prevent the speed from rising unduly ahoves the normal value, which 
is, itself, high in such cases. 

Yaciium cleaners of the domestie type and portable drills are 
two of the commonest applications of universal inotorn; others are 
small fans, sewing niachine motors, dish -washer inot<»rH, and in fact 
any machine requiring a h,igli-H]>(HHl nmtor <rf fractional H.P., 
provided that the series load-spocwl ehnra<d.eriHtic is not oIdjeKttionable. 
Speed control can be obtained hy variable smuim rcHistanci', Init it 
should be noted that this involves ad<!itlouaI PH loss: also, the 
inherent decrease in speed with increasing loa<l is accentuated 
because the voltage drop in the series rt'HisiaiK’e iin’roascs, and the 
voltage applied to the motor therefore dcwrcaHcs, with inen^aning 
load. 

Within the usual limits of voltagt^ variation, it may lai assumed 
that the speed of a universal motor vari^^s dircctl^^ as the voltage. 

711. Cost of Motors and Motor Control Gear, - The cost 
of electric motors varies consi<lerahly witli tht^ ilctails of <lcsign and 
‘finish,’ and very widely with, the typo of motor (‘oncerned (D.C., 
single-phase, polyphase, etc.), and with the sptMMl of operation 
desired. Machines from a manufacturer's siamlard range are 
naturally much cheaper than those built to mmi spmnal reejuire- ^ 
ments ; for the majority of applications, it is possihlc to obtain | 
a ‘ standard ’ machine meeting the re^iuircnumts. A given carcase | 
can be wound for a higher B.H.P. as the rotor speed is increased. I 
This point is illustrated by Tables 115 ami I HI (|§ 575, 681), in 1 
which the same weight appearing in different niws of the same 
column indicates the use of tlie samei frame to develop difierent out- 
puts at different speeds; naturally, the cost per H.P, is much lower 
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at the higher speeds ; in fact the cost of the motor is determined 
mainly by the frame size employed and, within normal limits, 
varies only slightly with the voltage and speed for which that 
frame is wound. Eor example, a motor wound to develop 50 H.P. 
at 720 r.p.m. costs only about 10 % i^ore than one wound for 
10 H.P. at 110 r.p.m., the same frame being used in both cases. 
At any particular speed, the cost of a motor increases with the 
B.H.P. output but not in direct proportion; motors of fractional 
H.P. are relatively expensive, costing about £20 to £100 jperH.P., 
whereas 10 H.P. motors cost about £2 to £5 per H.P. , and 50 H.P. 
motors £1 10s. to £3 per H.P. for the usual ranges of speeds in 
each case. Where a wide range of speed control is required the 
cost of the motor may he increased by 15 or 20 7o* 

For the purposes of general estimates, the approximate list prices 
given in Tables 128 and 129 may be found useful. A number of 
firms specialise in the manufacture of standard motors by mass- 
production metliods and are thus able to give extraordinary good 
value for money. In general, single-phase motors are considerably 
heavier and more expensive than polyphase motors of equal output, 
because a given frame can be wound for about double the H. P, with 
polyphase as compared with single-phase supply. For costs of 
fractional-H.P. motors see also Vol. 2, Table 76, § 573. 

The price of motor control gear varies enormously with the 
typo of gear concerned and with the details of design and manu- 
facture. Here again, standardisation and mass production enable 
remarkably low prices to be quoted in some instances hut, with 
this important exception, cheapness in motor control gear should 
be regarded with suspicion. As appropriate control gear alone 
enables full advantage to be taken of the possibilities of electric 
motors, it is very short-sighted policy to stint outlay thereon. 
The figures in Table 130 are list prices for first-class gear, and, in 
view of tine multiplicity of parts, the accurate and substantial 
manufacture required, the delicacy of operation and the vital im- 
portance of reliability, it is not surprising that the control gear 
may cost considerably more than the motor itself, particularly in 
the case of low-power machines and where automatic operation of 
the control gear is required. The figures in Table 129 represent 
about the lowest prices for the simplest permissible starting gear, 
whereas those in Table 130 extend up to the more elaborate 
equipment. The higher cost of the latter is an excellent invest- 
ment wherever use can be made of the fuller control thus provided. 
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Table 129, — Approximate List Prices of B.Q. Bhrunt-Wound and A.G. Induction Motors: 1-25 H,P, 

(see also Table 130). 
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Aboye 5 H,P, add 25 for 100/120 V. ** Add about 10 to price for 2-phase motors. 



Table 130. — A^p^proxiifRoM List Prices of D.C. Md A,0. Motor Starters of First-Class Mati'afactai e. 


ELECTRICAL ENdlNlCKRINd I*RA( 'TK 'K 




Automatic 
Contactor 
Type Rotoi 
Starter. 
Air Break. 

iO O 
§ 

j tC » 

i 

ifn S 

X"J< 

ti? o 
o 



Automatic 
Contactor 
Type Star- 
Delta or 
Auto-Trans- 
former. 
Air Break. 

=..S3 

■*t< lO 
xr xjt 

<pi ^ 








•BSa^.a 

-TS § -a 

ifal-ssl 


•“ g 

9-2 

S .s ja x; os 

O 


‘i 2 


.« Q O O 
Q S? I- I- 

^ 


.S!S g,“2 


«u S ; 
pj S«. W -S J 


W PM iS 

O CO c/3 ?:{ 


(< 6 J/ 


23 Is 8 


158 


About twi<^ these figui^ if complete with main switch, fos^ and shunt relator. 



ELECTRIC MOTORS 


712 


712 . Bibliography. — (See explanatory notes, § 58, Yol. 1 .) 

OFFICIAIi Bbgulations. 

See Chapter 41 in this volume. 

Standardisation Bbpoets, etc. 

(1) Government Department Electrical Specifications {B.M, Statimiery 

Office). 

No. 2. — Direct Ourreut Motors from 1 to lOO B.H.P. (Open and totally 
enclosed types for continuous service, and short time 
rated). 

No. 16. — Alternating Current Motors (Induction Type). 

(2) I.E.C. Publications. 

No. 34. — Rules for Electrical Machinery. 

(3) British Standard Specifications. 

No. 96. — Parallel Sided Carbon Brushes for D.O. Commutator 
Machines. 

No. 168. — Electrical Performance of Industrial Electric Motors and 
Generators. 

No, 169. — Electrical Performance of large Electric Generators and 
Motors. Rating permitting overloads. 

No. 170 . — Elocbrioal Performance of Eraotional Horse-Power Electric 
Motors. 

No. 173. — Electrical Performance of D.O, Series-Wound Traction 
Motors. 

No. 226. — Electrical Performance of large Electric Generators and 
Motors. Continuous maximum rating. 

No. 229. — Flame-Proof Enclosures for Electrical Apparatus and 
Teats for Flame-Proof Enclosures. 

No. 269- — Methods of Declaring Efficiency of Electrical Machinery 
(excluding Traction Motors). 

No, 270. — Electric Motors and Generators for Mines. 

No. 292. — Dimensions of Ball Bearings and Parallel Roller Bearings. 
No. 384. — Hard-Drawn Phosphor Bronze Wire primarily for Armature 
Binding. 

(4) Publications. 

Standardisation Rules for Electrical Macliinery. 

Books. 

Dynamo-Electric Machinery, S. P. Thompson (Spon). 

Speoihoation and Design of Dynamo-Electric Machinery, M. Walker 
(Longmans). 

Oontinuous Current Armature Winding, E. M. Denton (Pitman). 

Electric Motors, H. M. Hobart (Pitman). 

Electric Motors for Oontinuous and Alternating Currents, W. P. Mayoock 
(Pitman). 

Oontinuous and Alternating Current Machinery, J. H. Moreoroft (Wiley). 
Electric Motors and Control Systems, A. T. Dover (Pitman). 

Small Electric Motors, E. T. Painton (Pitman). 

Dynamo and Motor Attendants and their Machines, P. Broadbent 
(Rentell). 

0.0. Motors and Control Apparatus, W. P. Mayoock (Pitman). 

D.O. Dynamo and Motor Faults, R. M. Archer (Pitman). 

159 



KLK( TRK ;A1 . RN(}1NI''-K1U N( J I’lt A ( 'TICK 


§ 7>3 


A»(J. Motom aud 'Starting (ioar, h. H, Wood Hnview). 

Tbro«-Pha»o Induction Motons, 1j, H. Wood (Hlcctrical Ib^view). 
Polyphane hiduotiou Mutorn, R. I>. Archibald (C’hapniaii i% Hall), 

A Study of tho Induction Motor, !<’. T* (’/hapinan (t’liapinan tfe Hall), 

The Operation of Singlo-PhaHo Induction Motorn, (I. Windred (Assop. 

Engineering tfc Shipbuilding OraiightHmen). 

The A.(l Oommufcator Motor, C5, W. Ollivor (<ihapnmn A Hall). 
Hiugle-PhaHe ConuiuitaUir'lVtottsrB, P. Omedy ((UniHt-able). 

Wleofcrical Wngineoring KconoinicM, D. J. hnlton (Oliapinan & Hall), 
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Single and Thro 0 -phane A.O, Commutator Motorw with Scritm and Shunt 
OhamcterinticH, S, P. Smith. Vol (JO, p. HdH. 
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motors with baw^ bars is 2 or .3 per cent, below the declared value, a« the latter 
gmunully dotw not allow for Htmy-load lossiH. 
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CHAPTEB 29. 


MOTOR CONTROL. 

713. Control and Protection of Electric Motors. — Every 
electric motor nm»sl3 be provided with means for starting and stopping 
its rotation and, in many instances, provision must be made for 
speed control. The simplest method of starting is by switching the 
machine straight on to the supply mains, but this is only permissible 
in the case of motors which have self-starting characteristics, and 
then only in D.G. motors of fractional horse-power, and in certain 
types of A.C. motors, notably induction motors of moderate size and 
some types of A.C. commutator motors. In general, the rush of 
current and the mechanical shock at starting must be kept within 
limits by using a series resistance, auto-transformer or other means 
of reducing the applied voltage, or by some such device as brush- 
shifting. Speed control may be effected by varying one or more of 
the factors which determine the speed of the machine, e.g. field 
strength, applied voltage, frequency, brush-setting, etc., as the case 
may he. The simplest method of stopping is to disconnect the 
supply and allow the motor to be retarded by its load, or simply by 
frictional resistance. Sometimes, however, braking may be applied 
to obtain increased retardation and more rapid stopping or, by 
regenerative braking, some recovery of the energy stored in the 
moving parts. Though they are not, perhaps, part of the ' control ’ 
gear in the ordinary sense of the term, such protective devices as 
may be necessary to safeguard motors against overload and against 
direct application of full-voltage after temporary failure of supply 
are arranged to operate the control gear in a manner bringing about 
the desired result. 

The preceding remarks apply broadly to every electric motor, 
and the particular requirements and characteristics of individual 
types are discussed in later paragraphs. British standard definitions 
relating to motor starters and controllers are summarised in § 719; 
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anil the eouipoiu^ntiH, f.ouHtruefcu >u mid operation of a typical range 
of HfcarterH and controllorH are with in ^ 7dK. 

Tlio p\xrpOH(>} of a ^Uirtn* in to provide for the a<’cMderation of the 
motor from to normal spe.oil nndtT aeceptahh' eonditionH both 
aH rojrardn ratt^ of accolm-aiiotn and mn^mifnde of vurroni during the 
pcno<l of Htarting. A nntf.rollrr proviilos for regnlathm of the 
Hp<'.o<l during the working period, and for n‘V(*rKaI if recjuired, aa 
wtdl m for Htartving the nnudiine. It is, of (MUirse, neet^ssary to dis- 
criminate l>(‘,tw(M^n tlie inhm’ont spee‘d variation of the motor with 
changing load an<i th<*. control of speed liy external nnuins, Home- 
tinu>)H the spe<^d has to controlled to coin]»en.snte for an inherent 
tc.ndetu'.y to vary with loa<l and, in all rasiss, the speeil set by 
a controller is sul)JiM‘.t to the inhcsnait speed regulation ^ of the 
machine whic.li may 1 h‘, large as in tln^ D.Ch series motor, or mx) as 
in the A.C. synchronous motor. 

[T\m pote-ntial advantages of thudric <iriviug, in ]Hnnt <d’ range 
and Ih^xihility of ‘Speed control, can only he realistMl hy using 
appropriate, control gear, ddie, corre<'t choici' of motor starters and 
controllers is, in fact, ns important as ih<* sehxdion of the motors 
tlunnsidves. Each typiMif motor recpnix^s certain operations to be 
perfonniMl in ordm* to start the machine an<i aher its running speed, 
e.(/, variation of applitxl voltag(\ variation of field streng1,h, (diange 
of connections h<dwe<m windings, atnl so on. Thes<* <ipe rations are 
broadly the saim^ for (^ach parti<;nlar type of motor, Imt tlie kuccshb 
of the drive depcunls essentially ujion the operations of starting and 
control being adapted (both as regards uawhanism and timing) 
to tlio particular rcxpiirements of the load. In otlu?»r words, the 
mechanical characteristics of tlu^ load, as well as tlio electrical 
characteristics of tlie motor, must htis taken into ixmsideration when 
choosing tlua control gear. ''Plu^ use of automatic control gear is 
advantageous from liotli <d’ tlicse staiulpoints. On prtwfng one 

* The *Hpood rogulation ’ of a motor may Iks disflnad m the poreentage rise in 
Hpood botiwoon full-load and no-load, rofarrod to tlio full-load npowl, th« eondltionB of 
supply and tho motor oonnoctions, fiold mgulator, nW., remaining ixsmtanfc («/- * volfcage 
regulation,’ § .1,47, Vol. 1). There Ih no (sonneetbn or I'olatkm between the speed 
regulation of a motor and its adaptability to speed ctontmL The s|Kiacl regulafeioa 
may Ixi Vfuy * HtifT,’ nearly zero, yet the motor may lie oapahle of speisd (control ow 
a wide range; the D.O, shunt motor is a case in point. On the other hand, the 
speed regulation may ho high, as in an AXh induction motor witli a high-wsifitance 
rotor, yet no provision may bo made for spood (xmtroL The inherent »pe^-rogulatioE 
charaoteriHti<w of various motoi's are dealt with in Chap. 28. 
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button, the motor is started by means of a solenoid or contactor 
type starter, at the maximum rate of acceleration permissible in the 
service concerned. ‘Stop’ buttons placed in convenient positions 
enable the motor to be stopped quickly in case of emergency. Speed 
adjustment is usually effected by hand-regulation, but where the 
speed has to be changed from one to another of several definite 
values it is an easy matter to arrange press-button control for 
the purpose. Again, a manually or automatically operated drum 
controller enables even the most intricate series of changes in 
connections to be effected in correct sequence and timing. Instances 
could be multiplied indefinitely, but the main points which it is 
desired to emphasise are that : (1) the control gear is a vital part 
of the driving equipment; and (2) automatic or semi-automatic 
operation is often a good investment. 

714- Starting" Conditions. — The rate of acceleration of a motor 
and the duration of the heavy starting-current flow are determined 
by the magnitude of the latter, the starting torque of the motor, 
and the inertia of the motor and its coupled load. In this connection, 
the starting torque developed by the motor per ampere of starting 
current is a useful figure for purposes of comparison. The starter 
should be electrically and thermally capable of starting the motor on 
the maximum load against which the motor is required to be started ; 
if this is not the maximum load against which the motor is capable 
of starting, it will be necessary to provide a starter of larger capacity 
if the motor is applied to a heavier load. 

The torque applied to the load is increased by the use of speed- 
reduction gearing, as employed with high-speed motors ; this may 
be an advantage or a disadvantage at starting according to the 
nature of the load and the method of starting. If the load is 
driven through a magnetic or friction clutch, a starting torque can 
be applied to it equal to the maximum running torque which the 
motor, already running at full speed, is capable of developing. 
This is the stalling or pull-out torque of the motor and, in general, 
the motor (unless it is a synchronous machine) will slow down in 
developing it. The current required for starting by this method is 
only equal to that taken by the motor to develop this running 
torque. In some instances the torque which can be applied to the 
load by this method is greater and the current required is less than 
when starting the motor from rest, direct-coupled to the load. 

As explained more fully in § 749, it is important that the 
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characterinticH of th(^ motor should suit, thoso i>f t,h(‘ loatl under all 
conditions of operation. In so far as tin* motor characteristics 
starting and speed n^^ulation are cMHieorntsl, this is to sorne 
c^xtent a matter of control, tlum^di tins inhen^nt ^diaractoristics of 
the motor arc of primary im]>ortHn(!(‘. 

The exprossioiiH ‘ full -load * an<l ‘full-load ior(|m^’ are often 
txsocl carelessly. A motor which has to start aj^oiinst full-load 
e.g. a ti’action iiiotor or a motor oou])le<l to a ^rimlin|i^ mill left full 
of material, may havej to (h^.velop a stariin^^ tonjut^ <‘{|nal to H or 4 
times the noiunal full*-l()a<l tortpie. On the other hand, a motor 
which has only to develop full-load tor<pm on Htartiii|r in on com- 
paratively easy duty, fortius tonpn^ n‘<pnred will almost certainly 
fall well helow full-loa<l value din^ctly the mmdnne is in motion. 

Mistxndorstandinij^ oftem ariH(^H from the stateitHud. that a par- 
ticular motor develops a (uu'tain starting torqut' (usually exprwsed as 
a fraction or multipbof the rull-loa<l tonpie) with a(*ertain starting 
cxxrront (similarly expressed in terms of tlu^ full-load (uirreiiii). At the 
moment of switchin^-on the (mrnnit is <hd.<uuuined hy the impwlance 
of the windings and the K.M.F. ap]>lied to th(% latter, there being 
no back-E.M.F. at this moment. This is the eurn^nt whicdi develops 
a cortain startin^j^ tor(pio as sfcato<l above, hut the Kubsoquent 
course of events d©i)ends entindy on the ndation In^twwm the torque 
dcveloptMl by the motor and that required by the load as the speed 
increases. H; the motor is drivin|i^ no load it accelerates rapidly, 
but if it is connected to a loatl wliich rt^t^uirw the full starting- 
torque of the motor to set it in motion thert^ may }m only a small 
margin of torque available for Hul)He(pxont acceleration. If the 
torque developed by the motor decreases dtiring the early stages of 
acceleration (see^ for example, Fig. 27^, | (>84), it is conceivable 
that it may b© inadequate to accelerate the loatl beyond a certain 
low speed at which the torqtie demanded by the load excluding 
acceleration equals the torque developed })y tlm tiiotor. This 
difficulty could be overcome, in the case of a squirrol-cage induction 
motor started by means of a compensator, by using a higher voltage 
tapping on the latter. In the case of D.C, motors, the remedy 
woxdd be to increase the field strength. 

715. Methods of Braking. — In many applituiiions there is no 
need to make any provision for braking electric motors ; in such 
cases the machine is simply disconnected from the supply and 
allowed to run, free or still coupled to its load, until it is brought 
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to rest by windage, bearing friction and other forms of mechanical 
resistance. It may, however, be necessary to bring the motor and 
its load to rest quickly either as a matter of convenience or for 
reasons of safety. Such cases arise in traction service (§ 899), 
in machine tools, printing and other machines, in flywheel storage 
sets, and so on. Mechanical brakes offer one means of increasing 
the retardation or deceleration by adding to the frictional resistance 
to be overcome. 

‘ Electrodynamic ' braking effects the same result by convert- 
ing the stored kinetic energy of the motor, and its load if coupled, 
to electrical energy which is dissipated thermally as PR loss in a 
suitable resistance. For this purpose the motor is arranged to act 
as a generator, driven by its own inertia and that of any coupled 
load. The whole of the stored energy is dissipated as heat (some 
by mechanical friction in bearings, etc., but most by electrical PR 
losses), but there are no brake blocks to be provided and maintained 
if the electrical energy is dissipated in plain resistances. Combined 
mechanical and electrodynamic braking may be effected by utilising 
the electrical output from the motor, acting as a generator, to excite 
the windings of magnetically actuated mechanical brakes. Though 
electrodynamic action can provide powerful braking it., cannot 
^hold' a stationary load, because the motor no longer g^erates 
current when it is stationary ; in practice it ceases to generate any 
useful amount of current before it actually comes to rest. The 
degree of electrodynamic braking can be controlled by varying the 
resistance through which the terminals of the generating motor 
are connected, maximum effect being produced when the terminals 
are short-circuited. In most cases the current then flowing would 
be excessive when tbe motor was at or near full speed. More or 
less resistance is therefore required at first, and this may be de- 
creased, with or without simultaneous increase in field strength, in 
order to maintain a powerful braking effect until the motor comes 
nearly to rest or ceases to be self-exciting. Whilst it cannot hold 
a stationary load, electrodynamic braking is an effective safeguard 
against an ‘overtaking' load running away with or racing the 
motor. 

Some loads, such as those of cranes and hoists, must be held 
continually when they are not being driven. In such cases clapper 
brakes applied by springs, gravity-actuated brakes, or other equiv- 
alent types may be employed, the brake being taken 'off by the 
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|mll of ail electron which is cxcitch <nily when the motor is 
carrying at leaat a ]mMlctormiiie,(l iiuniimim eurreiii. 

^riie principle of clecirodynmiue hnikiu^ at oiu^e the 

poHHil)iliiy of ‘ rt's^mnerativi'! ’ hrakinji^, ie. the retuniiii^r ot the 
electrical output from ilu^ ine‘rtia“<lriv<‘n or load-tlrivcn motor 
acting UH a ^’(^uerati >r, to the supply uiaiuH or to some otlu^r circuit 
ill whit^h it can h(‘ utilised instiMul of Inon^ merely dissipated as 
heat. Obviously, r(‘^vu(‘rativ<^ braking is nmst applicable to such 
a case as that of a train ruiiniii^j^ on a <ltnvn-<^radt% whta'c retarda- 
tion is rtHpiired for a more or less <*ouMiderahle period, tlu^ motor 
continuing to run at a reasonably hi^h spet^l, and the amount of 
ener^^y involveil hein^^ so conshhunihh* as to Justify tin* expense and 
complication of ri^eov<‘rin<^ it. ’'Fhc. mtdhod is also applicable to 
traincar control, rticemt (U)Jll) tt^sts showing that 2b to IU> 7^ saving 
of (UKU’^y can ho (dlechul by re^ctiuTative; control e(|uipint*ut, twen 
whmi opmmtin^ partly in city <liHtricis with frequent stops and on 
routes which are not liilly. * Hi*.tt(U’ mmlis are tddaimsl on hilly 
inUn'-nrhaii routes wluu’c^ infriMpient stops make possible a higjher 
sche<luh5 spiHMh On such routes, howin'er, the is igeucrally 

light and trouhh^ may aris(>j from the leeding back of t'urrent from 
a singles (uir to a rotary converter or automatic sub-station. 

Ki^geiKumtivti braking is use.d to sonu^ extent in these and 
siuiilar applications, e.g, (‘.ollhuy wiirling, but, likt* simph^ elcctro- 
dyrianiic liraking, it cannot he usi^l t<i stop ami * hold ' the load, 
and it is only bmsible when the voltagi*: am! (if A. (7) fnMpiency of 
the ^regenerated’ current can easily be hehl constant at the appro- 
priate values, r(^gar<Il(iSH of variations in tlu^ Hpet*d of the motor, 
KegeiKUutivii braking is practicable with 1).(7 motors down to 
relativity low spce<lH, as long as th (>5 held can he inmmstMl sutHciently 
to kciip the E.M.F. gmierahul by the motor alKive the vciltage of 
supply,! but it is limited to speeds above the normal in the case of 
induction motors. The use of ordinary eh*rinjdynamic braking, 
with clissipatioii of energy, is not n‘Htrict«*.d by any considera- 
tions of th(^ voltagii or frequency of the current giUuu’attHh 

In Homi^ iiiHtanetiH, particularly in tht^ case of auxiliary motors 
in ste<d mills, tlu^ retardation and reversal of motors is hastened by 
apj)lying nwiu’sed K.M.F. whilst the armature <ir rotor is still 

*** *SV/? ali>(i Ml, Hev,, Vol. 112, p, S40. 

•f' TliiH voltage itnolf can bo roducod when the motor m Hiqiplied from a Ward- 
L(W>i3ar<l Hot or otlusr variable- voltage ho« rce, 
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running in the forward direction. This operation is called 
‘ plugging ' the macliine. In tlie case of a D. C. motor, in order to 
prevent the current from rising to an abnormal value at the 
moment of plugging, when the back-E.M.F. of the forward-running 
armature aids the reversed applie<l additional resistance is 

connected temporarily in series with tlie armature, over and above 
that required wlien staiding in eitlxer direction from standstill. 
For example, if R he the series i-esistance which limits the current 
to full-load valu(3 at tlie moment of starting from rest, fiJ may be 
placed in series witli the armature when plugging the motor, and 
wlien starting from rest. ‘ Plugging' an A.C. motor is effected 
hy revei'sing tlie phase rotation of tlie applied voltage. The slip is 
then twice that cor resjxnu ling to the supply frequency, and decreases 
to that correspjnding to the supply iTequency as the rotor comes to 
rest. When tlie speed i*eaches zero, the power supply must be dis- 
connected to prevent revei-sal of rotation ; this involves complications 
in the control equipment. Neither 'plugging’ nor electrodynamic 
braking is capable of liohling a machine stationary. The distur- 
bance to the supply circuit conditions is liable to be serious when 
‘ plugging ' is employed ; and more rapid stopping can generally be 
effected by electrodynamic braking* {eee also § 722). 

716. Control of D.C. Motors: General. — As explained in 
§ 669, it is usually necessary to connect external resistance in series 
with a D.C. motor at starting, in order to limit the magnitude of 
the current flowing. Tlie calculation of suitable values for a sub- 
division of the starting resistance is discussed in § 719. 

The running speed of any particular D.C. motor under steady 
load being determined by the voltage applied to the armature and 
the degree of excitation of the field windings (§ 669), the speed may 
be varied by voltage control, by field control, or by a combination 
of both methods. 

Where field control is used, practically constant H.P. can he 
developed at all speeds, the torque increasing as the speed decreases. 
It is obvious, however, that a motor which is capable of developing 
its full H.P. at low speeds must be utilized imperfectly at higher 
speeds; in other words, it is heavier than a constant-speed motor 
capable of developing the same H.P. at the higher speed. In the 
voltage control ’ method, the field and the armature current remain 
constant over the whole range of speed; the torque is therefore 
constant and the H.P. varies with the speed. The material in the 
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motor i.s xiiilLsoil otlirioiitly at all Hpoods, Uni .sj»r<’ial pn^vinion 
ho tmuli*! to HMUiro variahhi-volta^j^e Hu}»ply without uiMhiodinHipation 
of outu'iijy. 

Speed V((ri(iti<yfi hp * Field ihmind' Moilorato h|hso(1 varia- 
tion can h(^ ol)taini^cl in a Hhunt-wound uaitor by tho n.st^ tif a variably 
roHiHianot^ in HorioH with tlio fi<d<I wiiHliiijLCH ; tliin field- 

ro^nilaior or Hlumb msiHianoo umat ind; In* ooniuHtMi with tliontarting 
msistaiu^t^ which in placuxl in ncritw with the ariunturt* {nee 328, 
I 7 1 7). Ah extra roHistautu^ in in.HcrhMl in the f iol( i circuit the current 
in the latt(%r iw reduced, the voltajj^t^ applit'd to the tcnninalH being 
couHtant ; the mag^netic field is tlu^refore wtmkcnts! and the armature 




Fin. 824. — Hpoed variation by Celd oonfcrol (D.C. Hbunt-wound niaterb In the left, 
hand diagram the Cold coilH ai^o in parallel and the i*hunt (held -regulator) 
resistance is out ; in the other case, the windings am in H4«*i«s and the shuit 
resistance in. 

has to revolve mure rapitlly in order U) ^eimraU tho rw|uired back- 
lu modem motorH, with iuterpoluH to maiiitaia good 
eoiiiiuiitatiou, a Hpeed range of 3 : 1 can Iw^ ohtaiutMl fairly easily by 
field control, and a range of 5 or 6 : 1 can he <ihtainai if npecially 
re(|uij’(id. (Jhangijig the connection of pairs or grcuips of field coils 
from parallel to Hories, as in Big. 324, iw eiiuivalont to inserting 
r(5Histan(^c in series with the winding; in the case illustrated, the 
field cnirrout with all four coils in series wouhl 1 ms oue"(|,uart6r of 
that with tlie coils connected in pairs in parallel and the two groups 
in serioH. This method of field control does not alone pi*ovide a fine 
gradation of speed, but, in conjunction with variable field resistance, 
it is useful iu some HpjBcial applications, e.g. electric vehicle motors 
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Tke speed of D.O. series motors may be varied by means of 
a variable ‘ diverter ’ resistance in parallel with the field coils, but 
the speed control thus obtained is not stable. 

Speed Variation by ' Voltage Control ,' — This method is used 
extensively where a wide range of speed control is desired, e.g, for 
motors driving printing presses, rolling mills, winding gear, etc. 
As long as the field is kept constant, the torque corresponding to 
a certain armature current is also constant; varying the voltage 
applied to the armature changes the speed, and the H.P, of the 
motor varies with the speed. 

It is inefficient to regulate the armature volts by series resistance, 
but this method is used on grounds of expediency in small fan 
motors and for occasional intermittent use with series motors. 
Series-parallel control of the latter is one form of variable voltage 
control, and is particularly useful in traction and similar work. 
A given series resistance causes more or less pressure drop as the 
current flowing increases or decreases, so that speed regulation thus 
obtained is not stable but varies with load. 

A more efficient and convenient method is to place a motor 
generator set between the mains (D.C. or A.O.) and the D.C. motor 
controlled. By varying the speed and the generator field of the 
motor-generator any pressure from a positive to a negative maximum 
can be applied to the motor controlled, and the speed of the latter 
thus varied from standstill to maximum in either direction. This is 
the Ward'Leonard system of control. Its chief disadvantage is that 
three machines are required instead of one, each of the auxiliary 
machines being as large as the main motor, since they carry the 
whole supply to the latter. This makes the system expensive in 
first cost where small power applications are concerned, but for 
high-power variable-speed drives the Ward-Leonard equipment is 
little if any more costly than a single D.C. motor, with the control 
gear needed to obtain suitable variation of speed, and the pro- 
portionate share of the D.O. generating or converting plant. 

The Ward-Leonard equipment as used extensively in connection 
with rolling mills, colliery winding gear, and other heavy drives, 
consists generally of a shunt-wound D.C. motor connected perma- 
nently to the terminals of a shunt-wound D.O. generator, the latter 
being driven by a motor (usually a 3-phase machine) supplied from 
the mains. The D.C. motor is separately excited from a constant- 
voltage supply, with or without a shunt regulator in the field circuit. 
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llitt ^wierator ih alno Ht^paratt^ly with prt)viHiun for varying 

the volta^’o applied to itn field from zero to a luaxiimnu in either 
direction. The volta^^o upplie<l to iht*. nnitor ariuaturc can tlms be 
varied from mro to a maxinnnn in eithtn* dire<*tion and the machine 
ruuH at any .speed from ztn*o to luaxinnini forwards or revtn’se with 
eonstaiit hinpie for ^ivon current. ''rh«‘ /-/f Iohsch indn^ constant 
for ^iven c.urnnit, and tln^ U.F. vary iii«r directly with the speed, 
the efrichnic}^ is low at low spetMls. In a typii’ul c’ase the everall 
etii(*iou(*y was alanii K2 ‘7‘, at fnll spcisi, ahoni 71 ,, at half speed, 

and lower at 1 ow(t .sp<«Mls. As tluax' is no rlnHjsiatic t*ontrol in the 
main eirctiit tlan’o is no supplenuaitary h^ss during starting and 
aectderation. Also r(^|jf(nnn’ativ<^ braking i^an he tdleid^l hy weaken- 
ing' the ^‘(merator tieid ; tlu^ kiiu^iie (mer^y <d‘ the motor and load 




Fk!, Si(i5.'» ••Ward*LtK>iiu,r(l Hul without pnwjHHUi hn* h|h**hI (’outroL 


then drives tlie generator as a motor and <'auHtw the motor of the 
inutor-^'eneratcjr s(^t to h^ed taxerji^y hack to the mains, .saving 

of energy during acceleration and retardation is an important factor 
whcii'c t]»e load has to be started an<l stoppisl fnsiueiitly. On the 
other hand, tlie li^ht-load and windage losses of tlHUiu)tor-|^enerator 
set are contin\i<ms, this set ^eiun*ally running throui^Uont tlie Bliift. 

The i^-eneral arranij^ement of a Ward-Lt^onard set is shown in 
tlm upptn: part of Fi|(. *M)% ^ 72h. A simpler arran^muent for 
r<^verHihI(‘, dnVingj;; without provision for spetsl control is shown in 
Fi^. 1^25, as used to opiirate the. electrical steering gemr of a ship by 
jh'ohs buttons for jxirt ami starboard respectively. According to 
whicdi laitton is pressed, the field of the gemo’ator in the motor- 
generator s(t Tu.-// Is excited hr one direction or the otlier, and the 
rudder motor M runs forwards or backwards. 

Whcr(\ as in colliery win< ling, it is ilesired that the position of 
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the control lever regulating the field of the variable- voltage dynamo 
should correspond to a definite speed of the motor, the dynamo must 
he compounded. Referring to Fig. 326, the dynamo D is excited 
by an auxiliary machine g, which is itself a compound-wound 
machine with : (i) a shunt winding a, excited at variable voltage, 
plus or minus, by tappings from the potentiometer rheostat r ; and 
(ii) a series winding* b, excited by the P.D. ( « ohmic voltage drop) 
in one of the leads between D and Jf, or in a special resistance 
inserted in this lead for the purpose. When- M is running as a 
motor the winding b aids a ; 
and the dynamo D is thus 
compounded to such an ex- 
tent that the voltage on the 
terminals of M remains con- 
stant for a given setting of 
r whatever the load on the 
set. On the other hand, 
when M is driven as a 
generator by a descending 
load, the voltage drop be- 
tween M and D is reversed, 
hence h opposes a, and the 
E.M.F. of D is reduced to 
such an extent that M still 

runs at the sancie speed lor Fxg. 826. — ^Ward-Leonard set with, compounded 
a given setting of r. dynamo. 

In the Brown-Boveri equipment, as actually built for operation, on this principle, 
the exciter g, Fig. 826, and the exciter for M are driven by an auxiliary motor, so 
as to be independent of the speed variations of the converter set. Also, the field h 
is a shunt winding excited from a potentiometer rheostat (which compensates for 
the saturation curve of the dynamo) through a variable rheostat which is adjusted 
automatically by a moving-coil device connected across a shunt in one lead between 
D and M, A further refinement consists in an automatic adjustment of the rate of 
retardation to suit the direction and magnitude of the torque of the load, so that 
the cage comes to rest at the correct level whatever the load ; a wattmeter element 
inserts a resistance in the excitation circuit sooner or later according to the magni- 
tude and direction of the load. These are details important in practice but not 
affecting the principle of the oontroL 

For small or moderate power applications, a method more 
economical than the Ward-Leonard system in first and running 
costs consists in connecting the two machines of a mechanically 
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cuxipltMl motor -|j!;eau‘rat.ur si*t o.I(^(*tri<*atly in srrii's iutohh tla^Hupply 
aiainH, tho main nnii.or wliirh it is drsinMl to coiitn^l being then 
connectoil acrons ilu^ tonniiiHlH of tlu^ gtmrraior in tlu^ auxiliary set. 
This Bysteiu is pHrti<‘.nlarly UBe.i’tjl vv}iort‘ iht* vt^liagt* reduction 
required is relatdvely hhuiH. Iu tlu^ Wurd-laaniard syHtein the 
motor and the generator of the regulating net have i^arh to deal 
with the whole load. Iu tlu' method now (uaiHidered, neglecting 
loHHOH, the auxiliary goiuo^ator ha.s to deal with vi^ waitn, where 
e « reduced voltage applied to the main motor, and • difference 
between main motor current / ami current taken from the inainHi^; 
while the axixiliary motor has to dtud with [hi - e) volts and(I -%) 
amperes, where ,B =* main supply voltage. Negleetiiig losHan, the 
capacity of each of tho auxiliary immhim^s Hy ^ » {hi -- e)(I - i^) 
watts, and in smaller the smaller tlu^ voltage n^liudion {E - 4 
Under these conditions, the auxiliary gemu’ator deals witli small 
current an<l nearly the mains voltage, whih^ th(‘ auxiliary motor 
deals with low voltages and nearly tlu* full <uuT<‘ni of the maia 
motor. 

Tlui use of hoosters as a nutans of (d)tainiug variahle voltage 
supply is explaintMi in Vol. 2. 

Multi -VO ltag(^ c.outrol can, liowever, he practised witlu nit the use 
of a motor-generator or hooshu^ coniinumis gradation of 

voltage. In the 3-wire system of distrihutiim, say at 440 / 220 Y, 
tht^ field circuit of a shunt motor may h<^ (!Onn(H’ttMl across the 440 V 
‘outers/ and two spinxls then obtained without (‘ontrol losses by 
connecting the armaturi^ between an * outer* and ‘inm^r* conductor 
(220 V) or between the two ‘outt^rs * (440 V), 

• Greater flexibility ol coutrol in obtained ii tlie preitinre between the outers be 
divided unequally, either by taking Huitablo tappinga from fclie gmuirator armature 
or by ruiming motom wound for, aay, 00 Y and IGO V in aeries am'O8ia2fi0Y 
taMng a ‘neutral* fchird-wiro from the cnininow terminal of these 
machines. In a 90 / 160 / 250 Y, S-wire system, there are eight wntrol stages avail- 
able, viz.: (1) Field across 260 Y lines, armature aorcss W V lines; (2) Field 
roHistauco inserted till speed approaches that for stage (.S), which conalsts in eonneoir 
ing the armature through resistance, ooross 160 V lines, and removing field resistance; 
(4) Armature straight across ICO V, field aoroes 250 V; (5) Field resistance inserted 
till speed approaches that for stage (6), which consists in cmuiecting armatura 
throng] I reHiHfanco across 250 V, field resistance being isinwltaneowsly removed; 
(7) Armature and field directly on 260 V supply; (8) Armature on 250 Y, all field 
rcHistancc in ; this is the maximum speed. There are no control lo«es in stages 1» 
I , and 7 of this schedule. In stages 2, 5, and B there i« a certain, very email loss iu 
liekl legulatiun ; and iu stages 8 and (1 there i« a more serious loss in the resistawe 
comnic-ted in series with the armature, but these stages may be made to correspond 
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fco transitory, accelerating notches on the controller, and not used for running 
speeds. By further subdividing the supply voltage, say, to 60, 80, and 110 V 
(requiring four distributing cables) very finely subdivided and efficient control is 
obtained. 

717, Starting: and Speed Control of D.C. Shunt-Wonnd 
Motors. — Generally, the control gear for a shunt- wound D.O. motor 
includes a resistance connected in series with the armature during 
the starting period, this resistance being progressively removed as 
the machine accelerates ; and a variable resistance for weakening 
the field when it is desired to run at higher than normal speed. As 
noted later, there are methods of varying the speed of shunt motors 
other than by field resistance, but these methods are only applicable 
to special cases. 

STARTiNa. — Small shunt-wound motors up to | or f H.P. can 



Fio. 827. — Illustrating correct and incorrect connections for shunt field circuit. 


generally be started on no-load by switching them straight on to 
the mains, but whenever the inertia of either the motor or its load 
is sufficient to cause any appreciable delay in reaching full speed 
a starting resistance must be used, otherwise the heavy current 
flowing through the armature will at least blow the fuses and 
will probably damage the commutator and the insulation of the 
windings. 

In any case, shunt motors should be started on ‘ full field,’ i,e, 
with no external resistance in the field circuit. This is ensured by 
connecting one terminal of the field winding to the negative terminal 
of the armature, and the other to the contact of the starter 
(see Fig. 327 (a)). This arrangement has the further advantage 
that it provides a shunt circuit (vice the starting resistance and 
armature) through which the shunt field can discharge when the 
main circuit is opened whether by the starter arm or the main 
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Hwitdi; milmn nxidi a patli is provided, tlu^ iiidtHtive *kiek’ when 
the shunt field circuit is hrolnni will cjms(* hi‘avy andn^^ and mav 
break down the insulation of tln^ \vinain^r.s. The lie.ld connection 
shown in hhV :i27 (/>) also sinnin^s full t^xeifation at starting, but 
does not pro vichui path for tlie <Iischar;,-e flie fiehl and should 
therefore^ not he (unployisl Anoi-inu' ohjeeticui to iht^ arrangement 
in B ig^. d27 (/^) is that the* field and uo-V(dt coil an^ in circuit as 
lotig^ as the main switch is closed, «wcn if the starter he ‘off’ 
UtilesH the slmnt liehl n^g^uhitor (for speed c(uitrol) is of low remst- 
ance, say limited to 10 ‘7,, speed variation, a relay (a* an interlocking 
device is used to enstire tluit the n‘g:tilat(m is in the hdl field position 
befon^ th(^ motor can })o starte<I (g 7:hS). An atixiliary brush on 
the starter arm is sometime^, s provi<Ie.d, hearing^ on a setctor contact 
connected to th(i first stud oi the stariiT ; this maintains full field 
throTighout the starting^ period. 

With hill field, the* I).<,h shunt motor dmudops full -load starting 
tore pie with hiIl-loa<l current, i.e, wh<ui the armature} current equals 
tfie full-load value. Tlie a(‘.tual valuta <d the armature current at 
startings is determined by the value <d the starting resistanc^e and by 
the rcisistiuig tonpie of the loml. Until the armature begins to 
lotate, the cunauit flowing^ is (h^terinini^l hy the n\siHtiance of the 
arinaturo plus tliat ol the starting^ resistams*. in cin^uit; and the 
armature will not hogdn to rotate until the, current reaches such 
a value that^tho tonpu;} ol the nu^tor oxcushIs tlu^ n^sisting^ tor(|ucof 
the load. The tiehl being constant, the torepu^ vari( 5 s directly with 
the armature current, 

bPEUi) Gontkol.— T he spewl of a J),( !. slmnt-wouud motor may 
bo varied by held or armature control or by a ctombination of these 
metlKxls. Field ^ control may bo effectwl by placing more or less 
resistance in series with the field windings (nfn Fig, d28), thus 
decreasing or increasing tlie strength of tlm Mil d'ho weaker the 
field the higher must be the armature Hpee<l to generatti the requisite 
back-hj.M.J . (see aim § 669). Field control is the most economical 
method of regulating the speed of a shunt-wound D.(b motor. It is 
applicable only to obtaining speeds alm^e the speed corresponding 
to rull-field (i.e. no external resistance in series with the field). 
The insertion of resistance in series with the field reduces the current 
and therefore the total expenditure of power in the field circuit; and 
as^ the excitation of the field seldom demands more than S or 
4) of the total input to a shunt motor, it is evident that the 
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power dissipated in the tield-regulating resistance is practically 

negligible. 

For what ia nominally a constant-speed drive, it is usual to 
provide a field rheostat making possible about 10 % variation in 
speed, so that the r.p.in, of the driven machine can be adjusted to 
the exact value desired.* A much wider range of speed control can 
be obtained, if desired, by means of field regulation. Thus, a S or 
4 or even 6 to 1 speed-range is obtainable by varying the resistance 
in series with tlie field windings, but in such cases interpoles are 
essential to maintain satisfactory commutation notwithstanding the 
large variations in the strengtli of the main field, and a light series 



Fig. -Diagrammatic ropresontation of D.O. shunt motor starter and 
Hhunt field regulator. 

field in generally added to eiiHure stability of runnin^on fluctuating 
loads at high speeds, when the shunt field is of course weak. 

Very tine adjtastinent of speed can be obtained by using coarse- 
and fine-adjustment field rheostats in series. If, for example, the 
coarse-adjustment idieostat be divided into ten equal parts, and if 
the fine-adjustment rheostat (equal in total value to one of the ten 
divisions of tho coarse rheostat) be also divided into ten equal 
parts, then 101 speed settings are available. 


Usually the field rheostat in such cases provides for 10 increases (up to 
25 if required) above the rated r.p.m. of the motor. If, however, it is desired to 
provide for speed adjustment on each side of a normal or rated r.p.m., it is evident 
that the motor must normally be operated with some external resistance in series 
'vith the field; in other words, part of the field rheostat must normalJy be ‘ in,’ and 
the PR loss therein will slightly reduce the efficiency of the motor. Then by 
reducing or increasing the amount of resistance in series with the field wmding the 
motor speed can be lowered or raised. 
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Annut'Wre eirntrol of tho Hpood of a Hhuiit-wotnid IX(1 motor 
m otiectiKl by varyiii^j^ tho K.M.F. applii^tl t.iu^ armature ttyrminak 
Tills may bo ottbckid by supplying tflo^ motor from a H{Micial gem 
orator, the v<)lta|j;o of wliich is varital as ro<|uiro(!, tla". motor field 
moauwhilo boin^r kt'ipt coiusfcaiit by (^xcifciu|jf it fnan an imlojmdent 
constant-voltage Htipply (§ (>74), Thw arrangennont, which com 
Htitxitos the Ward-Loonard control (§ 7I(>), given ntablo. regulation, 
tlu^ speed of the motor ia practically indejMunlont of loa<l; also, 
the method is (dficient, there being no apprtHnhtbh^ regulation losses 
other than the Iosboh in tlm generator. A variation <d tluH method 
18 to Hupply th(^ ariuatuw from a nmlti-voltag<^ Hyntem, ejj, a J-J-wire 
220 /44() V Hystom, a 5-wiro 110/ 220 / *1*10 / 440 V .syntoin, and 


Sh Field 



Fna B29**- -Diagrammatic rnprcBontation of 
Kp€od <5oiiferol of D.C. Hhimb motor by rOHintance 
in armature circuit. 


H(^ on. Thin imd-luKl only 
pn widen for a certain num- 
Ihu' of (Icfinitt^ H|)ce(lH, in 
the Hame ration an the avail 
able. Hupply voltagOH; the 
control in ntabh^ and officienl) 
as regardH tht». avoidance of 


regulation Iobhoh buta umlti- 


voltagc^ dintribution is complex and coHtly and doiin not provide for 
continuouB variation of HX)oed. 


Ah generally nndorHt<K)(l, armature control iiivolv(w the UHe of 
oxtoimal roBiHtance in sorioH with the armaturct, the fi<^l<l being 


excited at full voltages all tlu^ time (hco Big. d2f)). ThiH tnothod is 
applicable only to obtaining HpeodK below that corrc'Hponding to 
full voltage on the armature (i>jL no external roHistance in series 
with the armature); and it ia particularly ajjpHcable to the obtain- 
ing of ‘inching’ or ‘creeping* Hpoeds, such an art) rcHiuired when 
})ro])aring tlxa driven machine for work. The IR proHSure drop 
in the HerioH rcBintanco reclucea the available^ E.M. F. at tlio terminals 


of the armature, but aw the regulating reHiHtancc^ carrioH the full 
current of the armature there is a HoriouB wanh^ of em^rgy’ 
the TR dx'op in the roHistance varioB with J, ie. witli thi^ load on 
the motor, hence the decrease in speed produced by a ^ven resist- 
ance in HerieB with the armature increaseB with the load on the 


motor. Speed control of a motor by renintance in the armature 
circuit w neither eiSicient nor stable. The impxxrtance of the loss 
in the regulating resistance depends, however, on whether the load 
demands constant torque or whether the power required falls more 
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rapidly than the speed ; this point is illustrated by the folio-wing 
examples : — 

Examples.— Taking the case of the 50 H.P., 500 V, 400 r.p.m., shunt- wound 

D. O. motor mentioned in § 669, the armature current is 67-5 A when the machine 
is running at 400 r.p.m. with 500 V supply. The relation between the applied 

E. M.P. E, the back-E.M.P. and the pressure drop e IB) in the armature is : 

E - ~ ; which in the present case gives : 600 - 488‘5 == 11*5 (see worked 

example in § 669). 

Suppose now that the motor is driving ; (a) A load of constant torque ; (b) a 
fan, the H.P. of which varies approximately with the cube of the speed. 

Case (a). Constant The field being constant (by hypothesis), the 

armature current must also be constant, to develop the constant torque. The 
pressure drop e is therefore constant and, if the applied E.M.F, B be halved, we 
have 

1 . 500 - Ej = 11-5, 
whence Bj, = 238*5 volts. 

At 400 r.p.m. Ej = 488*5 volts, hence, the field being constant, the speed is 
now 400 X 238*5/ 488*5 or 196 r.p.m. In other words, the speed is slightly more 
than halved by halving the voltage applied to the armature. 

If the voltage across the armature is halved by series resistance the pressure 
drop in the latter must be 250 Y, and, the armature current being 57*5 A, the 
necessary resistance is E = 250 / 57*5 = 4*85 Q, 

Obviously the power dissipated in the series resistance (= 250 x 67*6 W) is 
equal to the power input to the armature. In other words, the total input to the 
armature circuit (armature plus series resistance) is still 600 x 67*5 W or the same 
as at full speed, but the B.H.P. of the motor at half speed and constant torque is 
only half the full-speed H.P. The efficiency of the motor at half- speed is there- 
fore half the full-speed value.* Clearly, speed regulation by series resistance in the 
armature circuit is very inefficient where a constant torque load is concerned. 

Case (b). Ban Load . — In this case the torque required is not constant. The 
H.P. at half speed is about (J)^ or one-eighth of that required at full speed, i.e. x 60 
or 6*26 H.P. In order to develop one-eighth of the full-load H.P. at half speed, we 
need only one-quarter of the full- load* torque. The field strength is constant (by 
hypothesis), hence the armature current must have one-quarter of its full-load value, 
i.e. f X 57*5 or 14*4 A approx. This means that the IB pressure drop in the arma- 
ture will also have one-quarter of its full-load value, i.e. J x 11*6 or 2*875 Y. 

The speed being halved and the field constant, Ej^ will be J x 488*5 or 244*25 Y ; 

* No mention is made above of the field current, but this does not affect the 
conclusion reached. At all speeds the input to the field circuit is 2*5 A at 500 Y 
in, the case considered (see § 669), the field being excited at full voltage even when 
reduced pressure is applied to the armature. At half speed the armature absorbs 

or 0*479 of the total input to the motor, 

500 X oO 

while at full speed the armature absorbs 

or of the total input. 

500 X 60 

In other words, the useful input to the motor at half speed is half the useful input at 
full speed, but the total input is the same in both cases. 

VOL. III. 177 
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hoiicotho U) ki applied to tlu? annaturt' in K . K/, \ e 244*25 + 2*875 

or 247 y appH>x. 'Fliti voltage io bo aluHorkui by the n^HiKlaiH'o in wHen witli tk 
anuatim^ Is tinn’oforo fiOO "■ 247 or 25g V; and, a.s the annaiurt^ viirnsiit ig 14 * 4 ^ 1 ^ 
the rortiHtaneo roquirod k 252 / 14*4 or I7*r» U appi’ox* 

In. thiH case tho powur cliHHipatod in Uio wsrios ruHirttams* is 252 x 14*4 W or 
252 X 14*4 

only 5 { 5 'Q*^ 5 y ;5 * “ 0*127 of tho input to the annatiiro at full o^tinparod with 

0*5 of tin* input whore a oongtant-tortpio Unul is <’onot*nnsi (('as<* (a)). 

In g(5noiuI, th(5 Ioshoh invt>lv(3d by tho ariiiaturo nwintanoo method of speed 
coutrol are loss Horiotm tlu*! more rapidly tho jH>wor rtHpnromoulH td tho load decrease 
with falling spokU 

Ah alrtwuly noto.d, sjmcjd eontrol })y rt^siHian<’o in .series with the 
armature is esHinitially unHtabh^, For iasiaiuub if tlu*. anuatnre 
current is doublc<l by au iuen*aHe in load, Uu* voltage drop inatixed 
.series rasi.staiuu^ is also iloubhsh hikI tlu^ Hpee<l (d’ Iht^ nuiehine will 
(lecroase in proportion to tlu^ reduced voltajire available at the 
anuature tenuinals. (donversely, on li^ht UhuI tlu* armature 
current is \my small, liejua^ thm-i^ is little drop of pnwsure in the 
.seriOfS re.sistniu'.e ami tlu^ laachiiu^ runs at nearly full Hpe<Ml. An 
auxiliary ‘barring’ motor <lrivui^ tbrou|j;h worm reduction j^earing 
is sometimes usi^d to obtain a sk^ady crawdin^ spetMh 

(Jombiih^d fuddand a rmatunevolta^m control is ofkaui ctinvenient 
anti economical arran^tmumt whert^ a vt^ry widt^ ran^e of speed 
variation is desir(«I ; fhdd control is tlam ustsl for tlu? upper, and 
arniatxn’e tumtrol for the lower part of tlu^ sptHsl ran^t*. 

Diverter (/tmiJfoL* -Ah (*.x])lain(3d ala)ve, the use td' resistance 
in series with tlui armature of a l).(b Hhunt-wouml nioUir, in order 
to obtain low” sptHids, results in tlu? actual sptNsl <d‘ the machine 
vary greatly with changes in load. The j 2 ^rt?ater the resistance 
in series, the more marked tloes th(? variatitin in Hjuu?tl biHuiiue; for 
t?xample, if tho series resistance wen? so low that tlu? IR tlrop in it 
was only 1. V, doubling the loatl on tlie maehint? would increase the 
IE drop in the series i“<?HiHtanc.o to ahout 2 V and the IM), across 
the armature wcmld be 248 V instead of 249 V, assuming 250 V 
Obviously this wouhl result in no change of speed of any 
pra<?ti(!al importance. If, however, the IR drop in the series 
r(?sista.nce were 200 V wlien the current was 10 A (m« Fig. 230), (ct), 
lialving tlie toiuiue of the load (an<l therefore the current required 
by tlu? motor) would reduce the IR drop in the scrim resistance to 
100 V, leaving 150 V across the armature. The tiehl being the 
same in both castes, the motor speofl is about three tiim?s as great in 
the (ui.Ht? i*epr($.st?ute(l by Fig. 220 (6) a.s in that corresponding to 
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Fig. 330 This wide variation in speed may be reduced hy 

using a diverter resistance in parallel with the armature. The 
current flowing through the diverter contributes nothing to the 
motor output, but increases the total current consumption. As 
shown by the following examples, the effect of the diverter is to 
reduce the variation of speed with load-torque by reducing the 
variation of tlie total cuixent through the series resistance. The 

Sh. field 



3'33A ISO 5‘d3A 7SO 


(e) if) 

Fig, 330. — Ill-astrating use of diverter resistance across armature, in conjunc- 
tion with series resistance, for stabilising speed of B.O. shunt-wound motor. 
(Note — except at (a) the sliunt field winding is omitted for simplicity.) 

P.D. applied to the arinatui'e is thus stabilised and, with it, the 
speed of the motor. 

Fig. 330 (c) assumes the same load conditions on the motor as those shown in 
Fig, 330 (c), viz. 10 A and a terminal F.D. of SO V. The equivalent ohmic resistance 

* Here and in the following examples it is assumed that the speed is directly 
proportional to the P.D. across the armature ; the error involved by this assump- 
tion is negligible so far as the purpose of these examples is concerned. Actually, 
the back-E.M.F. of the armature is proportional to the speed, and the relation 
between the applied P.D. JE7, the ha^k-B.M.P. Ei, the ohmic resistance B of the 
armature, and the armature current J, is given by Z == [B - Ei) J JR. 
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of flie armature is 50/ 10 a 5 ««1 >P<>no tlmt Hi.' (liverter reswtaiu'o is oae-thiai 

of this value, i.e. L-66JC3, tho» tlio cummt tlmiuKh tlm .livert.n- m ;u) A, tlie total 
current is 10 + 80 =40 A, »"<!, since tlin IM). iictchs tl.c series rnsistaiue is 200 Y, 
the ohmic value of tins roawtfl'“^'« .. !, Si. It, shunltl Im noted thal, 
with iitie same input to the jtto.*"' ilsolt us in l'i){, .i.'IO (at), tli<i total current is now 
40 A instead of 10 <'<msntni)tion is now four tlincH as groat. 

Let us now oonsidor lis-I'l"ni 4f tlm_ louil-tor.iuti lx> usliicodBo that 

a curTenb of only 5 A is rectuit*^*"^ arinaturo circuit. lim ku<iwn values are 

those entered moirclosinKg.««OM.»>‘«^-: soriuH resistun,-.!, .',«j diverter reHiatanoe, 
1-66 a : armature current, 5 A : voltage, ilW) V. 

Suppose thatthespeed is a; .-'“'OS aal"Kl‘ an in the cas.- r.'i>rosoiit.'d liy h’ig.,'i30{c), 
Then tha P.D. across the approximutuly ,',0.r V ; iumco tiie Hi drop 

in the series resistance = 25^ ~ ®0.n V. Hut tlie //f<lroj>iti the serios resistance 
also = total amperes X 5 V. Thoruforo the total am i.orcs : (m) ■ • OOx) f 6. The 
armature current is 6 aiuporoC, honc.o tlio divt-rter current 1,(2A0 ■ 50u:) / fi] - 6 am. 
peres. But the divertor ourrout also o: OOir V / I'Hi) Si. Kciuntitig 
ilSO - fitte , .'lar 
f) “ ■' " l-(i(’. ’ 

we find a; = 1*125. 

In other words, tlie speed 3^’ig. BHO (d) in l^VMn inHleiul of Ihi an in Fig. .<]B0 (6), 
'yi being the spsedin tlic cases by .bigs. B.BO (^i) aiui (<’}, 

Substituting ic =1*125 in the abov(j oxprtmflioiiH, it is fumid that tlio armature 
P.D, = 66*25 V; diyerter ciiyront BB*76 A ; total (’.urrmit A (not very 

different, it will be ooted, from tbo 40 A in Fig. 8,40 {n}) ; and ilm / H drop in the series 
resistance — 198*75 Y. 

riie stabilising effaet divertor voHiHtance on the motor ’S|)ae(i is thus 

demonstrated, but tlio phoe p^'^d is a greatly inomaaed ttital I’unvnt ('mmuxnption. 
In Pig. 830 (a) the inpixt to tlio motor in 50/ 250 or 20 (^f the total in|uit ; at (b) 

itiBlSOI5^50ov(iQ^J^of at (c) it in (50 x 10)/(li50 x 40) or 5^^ of 

the total input ; and at (il) it (50'26 x 5)/ (250 x 8H*75) or 2*2 of the total 
input.. 

If a diverter resiistance of Idgli^r value were iwud, the inoflieknu’.y would not be 
so marked, but, on the other lifl'tid, the spiood-vaHatlon with loatl would 1« gimter, 
Por eocample, if the diverter resistance wore 15 Q (inaUxul of l*0f> Q a« above), the 
series resistance req^nired for th® ^^otor eonditiouK 50 V, 10 A (Fig, 880 (r)} would be 
15 Q and. the new value of ^ i« 1*75. The coriditiens are in fact an wliown at 
(e) and (/J, corresponding to di^'g^'ams (c), (dl), bub with the new vakio« of tllverter 
and series resistance. GDhe tota-l current is now inueh lens than at (c), (d) ; and th© 
input to the motor is (60 x 10 )/ 250 x 18*3 or 15 of tha total in Fig. 880 (i*), and 
(87*6 X 5) / (250 x 10*83) or 10*2 oi the total in Fig. 880 (/). 


Tha use of el diverter resistance in parallel with the anaature of 
a shunt motor, in conjunction with sexies resistance as 8hown, is thus 
inefficient in itself but effective in stabilising the s|khk 1 of the maohiue 
on varialble load. The actual characteristics of tlie ccnnlnnation vaiy 
according to the values of diverter and series resistance employed, 
and tlio I'eader vyill find it instructive to work out a series of curves 
for diffex"ent conditions. 
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Speed Variation hy Mechanical Control . — If the field and 
brush system of a D.O. shunt motor be mounted on bearings coaxial 
with the armature shaft they will run at the full normal speed of 
the armature but in the opposite direction, if the armature be held 
stationary. If both the field system and the armature be free to 
rotate each will run at half the normal speed of the armature but 
in opposite directions. Suppose, for example, that the normal speed 
of the motor is 1 500 r.p.m. in a clockwise direction, then 

(a) With the field and brushes stationary the armature will run 

clockwise at 1 500 r.p.m. 

(b) With the armature held stationary and the field and brush 

system free to rotate, the latter will run anti-clochwise at 
1 500 r.p.m. 

(0) With both the armature and the field and brush system free 
to rotate, the armature will run clockwise at 750 r.p.m., 
and the field and brush system anti-clockwise at 
750 r.p.m. 

The relative speed between the armatui*e and the field and brush 
system is 1 500 r.p.m. in all cases and, by means of a differential 
brake which acts on both members, increasing the braking on the 
armature as it reduces the braking on the field system, any armature 
speed from standstill to 1 500 r.p.m. can be obtained.^ There are 
no rheostatic control losses, hut there is, of course, the equivalent 
thereof in the form of frictional dissipation of energy by the brakes. 
The method offers a convenient means of obtaining zero- to full-speed 
control in the case of motors of fractional horse-power, e,g. motors 
for sewing machines, watchmakers’ lathes, etc. The same principle 
is sometimes applied to the starting of synchronous motors (§ 722), 
but in that case the brake on the stator is locked when the motor 
is up to speed and there is no dissipation of energy at the brake 
during normal running. 

Electrodynamic Braking (§ 715). — The connections of a D.O. 
shunt-wound motor during normal rhnning and electrodynamic 
braking are shown diagrainmatically in Fig. 331. The field 
remains almost fully excited hy the back-E.M.F. of the armature 
during the transition stage (6), hence a powerful braking torque is 


■ * A full description of a motor developed on this principle and patented by P. T. 
King is in The Amateur Mechanic, Vol. 2, p. 141. 
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obtained directly the armature i« coniu^eted to the brakini^M’esist- 
ance R, Fig. 331 (e), the armature cnrnmt Iming nmv rererHcdbat 
the field polarity being the Hamo a.s at (a). 

718 . Starting and Speed Control of DX. Series- Wound 
Motors. — The starting and control of t)i<^ smioH-wonud I).(h motor 



iivi) afiheted inattninlly by the 
fact that normally the whole 
of the iinmimv (mrrcnt flows 
through the field drcuit, the 
windings lulngiu sorites. The 
total n^sisiamto of the anaa- 
tnn^ Htid fitld windings knot 
Hunici(mt to previmt an ex- 
cossivn^ current from flowing 
wlum the an naitirtuH station- 
ary and thmdoro developing 
no Imck-K.fil , bh, hut the 
initial rush of cnmnit cannot 



Fig. 331. — D.G. shunt-wound motor. («) 
Running ; (6) Transition ; (c) Klectrodynamic 
braking. 


b(^ as heavy as in th(% shunt 
motor btumuHo tln^ anuaturo 
is alw'ays in son os with 
th<^ fitld winding and novor 
straight atn’osH tin*, nmins. 
Owing io the high induc- 
tanci^ of shunt field windings, 
the takes a p(^rc(^ptiblo 
time to ‘build up'; but, 
from th(^ natun^ d* the case, 
the field of a series-wound 


machine necessarily builds up as rapi<Uy as th<^ arniatun^ current, 
for the same current flows through tlio armatun^ and the field 
windings. Series- wound motors up to 5 H.P. or so can gener- 
ally be switched straight on to the mains unhws nuudianical con- 
siderations require the use of a starting resistancH^ to nuMltu*ate^ the 
acceleration. Small series-wound fan-motors have windings of 
relatively high resistance and therefore seldom rec|uirc a starting 
resistance, particularly as they start ‘light/ the load coming on 
automatically as the fan gains speed. 

For larger series motors a starting resistance should always be 
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employed. The factors distinguishing the design of the starter for 
a series motor from that of a shunt motor are explained in § 719. 

As in all other D.C. motors, the starting torque of the series 
motor at full field equals the full-load torque when the armature 
current equals the full-load value. As, however, the field current 
increases with the armature current, the torque increases more ‘ 
rapidly than the current.^ Until the armature begins to rotate, 
the current is determined by the sum of the resistances of the 
armature, field winding and starting resistance ; and the armature 
begins to rotate when the current reaches such a value that the 
torque exceeds the resisting torque of the load. 

Again, as in the case of any 
other D.C. motor, the speed of 
a series-wound machine can be 
varied by changing the applied 
voltage, by changing the excita- 
tion of the field, or by a combina- ^ 

J .1 ^ 332. — Speed control of B.O. series 

tion 01 these methods. Which- motors by series resistance. 

ever method be employed, the 

speed will still vary automatically as the load changes ; that is an 
inherent property of the series motor. 

Speed Control by Voltcvge Variation . — If the motor be sup- 
plied from a variable voltage generator, its speed can be varied 
continuously and without rheostatic loss over the whole range from 
zero at zero voltage up to normal at full voltage. The torque cor- 
responding to any particular value of current remains the same at 
all speeds; and the speed is nearly proportional to the applied 
■ voltage. 

Generally, however, the supply voltage is constant. Continuous 
speed control by voltage variation can then be obtained by series 
resistance (Fig. B32), but there is a rheostatic loss, JV watts, at 
all applied voltages F less than E, i.e. so long as there is any 
series resistance in circuit. As in the case of shunt motors (§ 717), 
a diverter resistance in parallel with the armature helps to stabilise 
the speed when running with series resistance. The current flow- 
ing through the path in parallel with the armature is added to the 
armature current in the series field coils and thus prevents racing 

* Theoxetically, apart from the limitation of the field strength by magnetic 
saturation, the torque of the D.C. series motor varies with the square of the current 
(§ 676 ). 
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on light load. Indeed, by cIiooHing a wiitahle vahie lor tlio resist- 
ance shunting the armature tlio variation in Hpood from a l-loaii 
to no-load can be kept relatively sinall. 'rhi.M method of ciontrol ' 
obviously wasteful of energy in both the. .soric.s and th(» paralld 
resistances, but it facilitates stable running at low spe.t'd.s and loads 
e.g. when lifting patterns from foundry nxmld.s. ’ 


- -H ^js- 

E 


TWf— 

^ — TfKlT' — 

A’'"— - *-j 

Fig. 338. — Serics-parallol control of two jwirioH inotorH. 

Efficient but not continuous .speed control b^y- voltage variation 
can be obtained by series-parallol ciontrol (h'ig. 'PIuh method 

18 only applicable to an even nuinlKu- of similHr niimliiims drivinv 
a single load, e.g. a tramcar or a train. VVlmim two motors are 
used (Fig 333 ) the voltage applicsl to each in tlm s(-rieH o.mnection 
isiJSl, and the speed is approximately half that, <'nnvspondii,g to 

U — ^JS—^ — ' 


-JF- 


— — 4. 




IG. 334. -Senes, serios-paiallel, and parallel grouping of four Horlos moto. 

rir 334^^1: voltage. If four motors la, used 

mrtilfl !n , /V -■ f«Il-«>rieH, series- 

Se Iv m SiS ^ the corresponding speeds Iming approxi- 

Z emln .series-parallel control giJes Vt least 

two ethcient running speeds (three, if four motors he used^ it is 
ways employed m R.O. traction service. Intermediate speeds 
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are obtained by series resistance (Fig. 332) which involves rheo- 
static losses ; and sometimes by series-parallel or tap-field control 
(Figs. 335, 336) which involve no rheostatic loss (see also §§ 452, 
453, 506, Vol. 2). 

Speed Control by Field Variation . — The speed of a series 
motor cannot be varied efficiently by inserting resistance in series 



Fig. 835. — Field diverter for speed control of D.C. series motor. 

with the held winding (as in the case of the D.C. shunt-wound 
motor), because such resistance would be also in series with the 
armature and the conditions would be as shown in Fig. 332. By 
use of a ‘ diverter,’ however, i.e, a variable resistance iJ, Fig. 335, 
connected in parallel with the field winding, more or less of the 
armature current I can be bypassed, leaving only J - to flow 



Fig. 336. — Speed control of Fig. 337. — Speed control of D.O. 

U.O. aeries motors by series- series motor by field tapping, 
parallel field control. 


through tlie field windings ; the strength of the field being thus 
reduced the motor runs at a higher speed the lower the value of iJ. 
In order that the field windings may never be completely short- 
circuited (which would result in the field falling to zero and the 
machine racing), the diverter circuit contains a suitable permanent 
resistance r, so that If does not fall below a safe value even when 
R is cut out of circuit. The control of the speed of a shunt motor 
by field resistance involves very small sacrifice of efficiency because 
the field current, and therefore the T^R loss in the regulator, is 
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small. Now, however, a considorahle fi-acition of the main curr 
is diverted through the resistances It (Fig. and 
loss is correspondingly heavy. 

Methods of vaiying the field excitation for given annatu 
current without rheostatic lo.ss are sliown in h’ig.M. ” 



{Courtesy Brituh Thommin Houston Cn,^ IM.t Itugby*) 


Fig. 336 the field winding is shown in two ec|ual Koctions, each 
of n turns; and the total anipero-turns of field excitation is 211 / 
when the winchngs are in series, and vj when the windings are 
m parallel. The speed of the motor is approximately doubled by 
changing the field sections from aeries to parallel conneotion. In 

I T Hoction of the field winding isahort- 

circuited by the connection between tappings, 'rim full armature 
current still flowa through those parts of the field windings which 
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are in circuit but the number of effective turns in the field winding 
is reduced; the reduction in the number of field ampere-turns 
results in a higher speed of armature rotation. 

Fig. 338, relating to a series-wound traction motor, illustrates 
the effects of variations in the supply voltage, and the different 
speed-current curves corresponding to full -field and 25 7o 
shunted respectively. 

For such applications as the driving of ships’ deck winches, 
when a higher speed is required at light loads than corresponds to 
the natural speed-load 
curve of the series motor, 
a diverter resistance may 
he connected in parallel 
with the series field when 
light loads have to he 
handled, thus weakening 
the field and increasing 
the speed. 

The Scot b- Bentley ‘dis^ri- 
minator ’ effects this change 
automatically. The effects of 
typical alternative settings of 
the ‘ discriminator ’ are shown 
in Pig. 330.* In this particular 
case an output of 240 ton-ft. 
per min. can be arranged for at 
any load between 1 and 1^ tons- 
at tons load, the speed of hoisting at this and lower loads follows curve A . Alterna- 

tively, by using the normal characteristics of the motor (curve G) down to a load of 
1 ton, the higher speeds of curve B can be obtained for lighter loads. 

The effect is to make the speed-load characteristic of the 
machine approach the curve D of constant power (Le. speed in- 
versely proportional to weight lifted), thus utilising more nearly 
the full power of the motor when hoisting light loads. 

Electrodynamio Braking (§ 715). — Electi'odynamic braking 
of D.O. series motors may be effected by running them (driven by 
the load) as self -exciting series generators dissipating their output 
in a resistance connected across their terminals. If there are two 
motors, as in a tramcar, they are connected in parallel to the braking 
resistance, and in this case the track-brake magnet windings may 

* Beproduced by courtesy of Laurence Scott & Electromotors Ltd. (Norwich), 
the makers of this eq^uipment. 
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Pig. 339. — Illustrating use of field diverter to 
increase speed of D.C. series motor at light 
loads. 


If the discriminator brings the diverter into action. 
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be connecteti in HerioH witli the, reHistance. In order to ensure 
equal (Hvlsion of braking loa<l between tlie two nuich men an equalis- 
ing leatl may be <*.onnecte<l ))etwt)Dn the cotnmon tiuuuiualH of the 
armatures and H(d(l in each, or the aiunaturo of (!sa<^h motor may be 
connectoci iti H(‘,rieH with tho field of tlio otluw. If the output of the 
motors is to bo fed to tlu*. supply niains during the lumldng period 
as dnring tlie ‘ reg<m(n'ativ*<^ braking ’ of trains on down gradients 
an atixi 1 in ry ttiotor-goTU'.ra tor set is r(i!([nir(>sd for tlu^ separate excita- 



Fro. 340.— D.O, Hcriofi-'wound motor, {a) Forwivni runninc. {b) Electro- 
dynamic braking of forward running. (c) IGloc-fcrodynaxnic braking of reverse 
running, e,g, lowering by gravity, (4) Bovorso running ; lowering by power. 
(c) lowering by power ; soparatoly excited field. (/) Ikgenorative braking. 

tion of the main motor iields, so that a steady voltaga somewhat in 
ciXc<wH of thej Hupply voltage can bo niaititaincMh Wlnm tho output 
of tlio motors ih simply dissipated in resistances (rheostatic electric 
leaking), the E.M.F. generated is immaterial. Unless special 
pnkiantions are taken, oloctrodyriamic l>raking of series motors does 
not offer a rcdiahle means of controlling the lowering of crane loads. 

Ihderring to the diagrams irx Fig. th<^ connections shown 
are as Idllows 

(a) Normal running ; clockwiBO torqu© and rotation aKsumed. 

(I)) Blccfcrodynamic braking ; the armature is still running clockwise but it is 
desired to utilise its kinetic energy for braking purposes. This demands an anti- 
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olockwise torque. The armature current, produced by the baok-E.M.F. of the 
armature, is opposite to that in (a), and the fiold-to-armature connection is reversed 
so that the field current continues to flow in the same direction as before. The 
torque is therefore reversed as required. 

(fl) Motor mechanically-driven reversed by its load {e.g. the descending load 
of a crane), but retarded by eleotrodynamic braking. The rotation of the 
armature is now anti-clockwise, hence the back-E.M.P. of the armature is reversed 
and the current generated flows in the same direction as that supplied at {a). It is 
desired to develop a olockwise torque in order to retard the motor, which is driven 
anti-clockwise by the load. Tfie connections must therefore be such that the field 
current flows in the same direction as at (a). 

{d) Motor electrically-driven reversed (e,g. where the load of a crane is not 
heavy enough to desoeud by itself). Power is taken from the mains ; the direction 
of current in the field windings is the same as at (a), but the flow through the 
armature is reversed, hence the torque is now anti-clockwise. 

On disconnecting' the motor from the mains, preparatory to 
changing from (a) to (6) above, the field current is interrupted, 
instead of being maintained as in the case of a shunt-wound motor 
(§ 71*7). The field therefore falls to the low value corresponding 
to the remanent magnetism of the iron, the back-B.M.F. of the 
armature falls correspondingly and, when the connections are made 
as at (6), there may be appreciable delay in building up the field. 
The machine may, in fact, fail to excite itself if the residual field is 
very low or if there is a poor contact in the circuit. To avoid this 
risk, the field may be separately excited as at (e) and (/), Fig. 340. 

{e) Mofcor separately excited and electrically-driven reversed. Electrically, 
this corresponds to (d) above, except that there are additional losses in the resist- 
ance r. The greater the proportion of r spanned by the brush leads, the higher 
the P.D. applied to the armature, and the higher the speed of the latter. 

(/) Motor separately excited and braked electrodynamically. With the con- 
nections shown at (e), the speed increases as the P.D. applied to the armature 
is raised. If the load is capable of driving the motor, as when lowering the load 
of a crane, there may be a certain speed at which the back-E.M.P. of the motor 
equals the P.D. applied to the brushes. The armature current and therefore the 
torque developed by the motor will then be zero. If the load drives the motor at 
a yet higher speed the baok-E.M.E. exceeds the applied P.D. ; the armature current 
is reversed, thus developing a retarding torque ; and a certain amount of energy is 
returned to the mains. This is a case of regenerative braldng (§ 715). 

719. Calculation of Starting Resistances for D.C. Shunt 
and Series Motors. — The current required to start the motor, or 
the maximum current increment permitted by the electricity supply 
authority (whichever is the smaller) determines the total value of the 
resistance to be placed in series with the armature on the first notch 
of the starter. This resistance has then to be removed step by 
step, the amount of resistance removed at each notch being such 
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that rtnsultani laoiiHiutary ninh of cvinauii not ejscead a 

vahics, muallnr thi^ ditlennuu^ ht^tweam the 

luaK'niuiiu au<l nniiiuimu vahn^.s oT ctuToni, Le, tlu‘. iiiu'.r the «ub- 
iliv'Lsiuu ol' tho total lusintaiKu^, tlu^ inoia^ nearly iiuifonii is the 
acceleration (d’ the machiiu^ Li(iui<l Htaiters hav<*, in etfeet, intiaite 
HubdivaHion and niakoi poasibh^ nniform acceleration provided that 
tlui rcHi.stancH.i bcs lannoxcMl at the cornad. rait^ 

''rile Hidiuttion of a Huitahli^ number of uotidieH for a utep-by- 
ntop Htarter and tbi^ snbdiviHion of the total rixsiniaiuni betvviicn them, 
to rnnit the nupiireineutB of the motor and loa<l i-oncenied, are 
primai'ily niattiaxs for tlie luauufaetxirer of the ntarter. In order, 
howt^ver, to illuHtrate the pnnciph»-H involved, tlie caHes of starting 
resistanceH for Hhunt and Hia’ie.s motors are coiiHiilt'red Iniefly 
helow. For a detaileil tnaitment the render Hhotild refer to 
.specialised text-hooks or papiexs.* 

tiftarting JUaidanee Jot I),0. Shunt ]\U)l(U\—ln fMl, It the nwHtance of 
thoanuaturo of the slunilj motor; if« tljo total Htartin^^ roHj-staiico ; and ?'i, rj, 
* ’Vi • Huocossivo divisiouH of Itg. U is aHHumol that the fhjkl Ih kept 
coimtani at its inaTchnimi vahio throughout the starting purioil ; and that the 
curronfc limits aro Itmx atid /min* if finux flows on tlH» iinit Ht(n> with the motor 
at standstill (l)ack-E,M.K mm), ,lti V [ /max and Itg( . - li) (V f /max) - li, 

(^Pho total voHiHtan(?o lig thus determined may have to bo inereased in order to obtain 
an initial ciirnmt within the limit prosoriM by tbemijiply authority). 

When tho (511 rront has fallen to /mlu on hh5i) A we have: I' //id- Imtnhi, 
wluire A'l . hac.k-n.M'.bh of the motor. On advancing to step It the back-K.M.P. 
remaiiiH (soiiHtant (the liold being constant) until the motor Ix'gins to acoeloratc, but 
the eurreut iiieroaHCH to /max* At the moment of making contact with li we have, 
therefore*. F - -h ,/nwvx /b- Ueuce + Imhi 1^ /h *h /max ; whence 
Hi /mlu/ /juttx •- say p. Similarly, whon wo lulvanco to »Wp 6', wo have 
lig! p\ and, llnally, /if Hn - p* Thorofore, 

It -r pHn p«r/ /max ; 

from whiedi p T), 

Knowing tlie number of steps in tluj rosistani'e, the annatwro resiatanee B, 
the maximum curronb /inax» and tiie su^iply voltage T, we can calculate p, the 
ratio between succeasivo values of total resistanee Jti, /tp tthf., using the above 
formula. 

Thu individual steps Tp etc., arc then calculated as follows ■ 

Ti Hi - /ii(l - p), 

r,i ,/fa - iia(I p) ; 

r» 

9*4 « prg. 


’*n 


* Sut5, for (ixamplo, ‘ The Analytical Determination of tlm Sttspis in the Starter 
of a S<5rieH Motor,’ S. IVurkur Smith, Jotir. J./d.//., VoL 58, p, G45 (this method is 
HuminariHcd h(*ri5) ; and *A UniverHal Chart Afethod of Calculating Starting Rheo- 
Htals for Molorn,’ A, T, Dover, ibid., Vol. (JO, p. H67. 
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and, as a check, f\ + ^2 + ^*3 ■+ . . . should equal Bs. It will be seen that 
rg, rg, etc,, form a geometrical series of ratio j?). 

Starting Resistance for D.C. Series Motm \ — Kef erring again to Fig, 341, the 
value B must now include the resistance of the series field winding as well as that 
of the armature. As before, K^ = F / Jmax and Kg ~ (F/ Jmax) - K. The 
distinction now is that on moving from step A , at the moment when the current is 
Tmin and the field flux has fallen to 0,j, the current increases to Jmax directly step K 
is reached, and the field flux simultaneously increases to hence the back-E,H.F. 
rises in the ratio / 0^ before the motor accelerates further. We have no longer 
a constant field, and therefore no longer the same value of hack-E.M.F. immediately 
before and after advancing one step. The flux ratio / = corresponding to 

the current ratio c == Jmax / Jmiu, can be determined from the magnetisation curve 
of the motor, i.e. the curve showing the field flux plotted against values of current. 



Fig. 341. — Illustrating calculation of steps for starting resistances of D.G. 
shunt and series motors. 


NTotb : R — resistance of armature alone in shunt motor ; 

but R = resistance of armature phis series field in series motor. 


The baok~E,M.E,, J7, of the motor is proportional to the product of field flux 0 
by the armature speed JS^ r.p.m. ; also, jE7 = F — JBJ, where F = applied voltage, 
I =sa current in amperes, and R = ohmic resistance of motor plus aeries resistance. 
Hence 

N^a.F 10^ a(V ^ BI) ! 0, 

where a is a constant for the motor concerned- 
At the moment of leaving step A, 

B' ^ V - Kilmln - / a. 

At the moment of reaching step J5, the speed being still 

JE7- = F - Ka Jmax - / a- 


191 




i? 730 HU^(!'rRIC!AL KNGINKEIIING PHACl'ICE 


ileui’c 

r — 01 g 

therefore 

F/ "" r - ^ HJm\n '' 

n. - kli^ ~ (/ - 1), wh«ru k .. / / c. 

Vhm 

/i, - ii.) = /i,(l - k) + (/ - 1). 

But 

- r/Jmax, therefore •. - k) 

and 

7*2 - ki\, 

and so oii. 

7*3 >• kl 2, 


If there are n .stops in tlie starter, the condition be fulfilled is 
V 1 - 

(see H. Parb'er Smith, ibid., for proof). 

The factors which, must bo known are ; Tlie supply voltage P ; the magnetisa- 
tion curve of tho motor ; the number of stops n; the mott)r i-esistanco /i (armature 
plus field) ; and either Jmax or Jmla hut not k^th. If Imux be known, throe likely 
values of Jmhx are assmnod ; the corrosixmding valuos of c( /max / -^'mio) are 
calculated ; the oorrespoucling values otf(r^ / 0^) are found from the magnetisa- 
tion esurvo; the valims of 7c ( - / / o) are calculated ; the value of ( - V / Imax) is 
calculatod ; and tho values of the exproHsion at (2) akwe are determined. These 
valuoH arc plotted against tho assumed values of Imln and from the <iurvo obtained 
it is at oiKJO apimront what value of Jmin will satisfy 0 (pi. (id). Recalculating /and k 
for tho correct value of Tmln, we can then solve oqn. (1) for and thence determine 
L-:a h}\; Ty /rrjs; and so on. As before, the starter steps are in goonaetrical 
progresHion, hut the ratio is now k — / / c .’s / Timx0^. Ah a (*heek, the sum 

of tho <mlculatod values for r^, r^, ot(?,, should equal 

For tlio jipplicafciou of tho abovo mothod to tlu;* <F!itoriiuuation 
of tho rciHintancB ntopn for two Htrievs luotorw witli Horit»H-parallel 
ooutrol, .WY-i W, Parker Smith, loc. ait. 

720. starting* and Control of D.C. Compound- Wound 
Motors.— Small D.C. motorn with heavy eompouiidiii^ {i.e. a 
lii^h proportion of HCiieH field oxcitafcion) can be Hwitctlied straight 
on to the supply, tlie series field winding onsuriug immediate avail- 
ability of a considerable starting torc^uo and a npeedy reduction of 
current by the development of back-BlM.F. (me also § 718). 
(Jenerally, however, a compound motor with 10 to 30 of series 
iix.<dtati(>n (cumulative), as used for general industrial puriX)Hea is 
started and controlled in the same way as a shunt motor. Fig. 842 
shows diagrammatically the use of a starter JK, and a shunt regulator 
F f<jr speed x^egulation. If the shunt field be anuch reduced, by the 
in.4oa‘tion of resistance at F, the effective ratio of the compounding 
is inca'caBodpiy^. the proportion of series ampere-turns increases and 
th(>s charactoi'isticB of the machine resemble more closely those of 
a .scrii^s motor. In other words, the decrease in sjwd with increas- 
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ing load becomes^ more pronounced as the shunt field is weakened 
to increase the speed. The increase in speed eflected by a given 
percentage reduction in the shunt field is, of course, less in a 
cumulative compound motor than in a plain shunt-wound machine, 
because the series field of the compound motor remains the same 
for the same armature current. 

A difficulty in the way of compounding a motor which is ar- 
ranged for wide speed variation by means of a shunt regulator is 
that the field cores are necessarily nearly saturated by the maximum 
shunt field, in order that a suitable field may still be maintained at 
the other end of the speed range (minimum shunt field). The 
compounding effect of the series turns is very small when the field 
system is near magnetic saturation ; but very large, both actually 
and relatively, when tho shunt field is weak and the pole cores far 


R 



Pig. B42.r---D.O, compound-wound motor with starter and shunt regulator. 

from saturation. Unless the degree of compounding and the range 
of shunt regulation are both moderate, the load-speed characteristics 
of the motor will resemble those of a shunt motor at low speeds 
(full shunt field), and those of a series motor at high speeds (weak 
shunt field) ; such a combination is generally neither desirable nor 
safe. The difficulty may be overcome in certain cases by providing 
special means for varying the series excitation to suit the shunt 
excitation in use at any particular moment [see, InridireGtly Gom- 
pounded Motors, § 677). 

If the series turns of a compound motor are short-circuited 
after the motor has been started, the machine is then a plain shunt- 
wound motor and its speed can be varied by a sbunt-regulator in 
the ordinary way. 

721. Control of A.C. Motors: General.— The synchronous 
A.C. motor is inhereiitly a constant speed machine, its speed in 
von, III. 193 13 
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r.p.iu. Iwin^ jmiuerically eipxal to wlu‘Te./ == f^tipplyfre- 

quoiicy in cyclcH/Hec., and 2> ^ innohor of of ]K)leH. For 

oxHinplo, the M])ee(l of a mx-polo Mynclironons motor on .50-cycle 
Hxipply iw 00 X 50/ 8 = 1 000 r.pjn. Three nu^thod.s of speed 
variatioit are available: (1) The; frt^qneiiey, f] ran he varied by 
altering tho! Mpwed of tlu‘. alt<*.rnator or by ftH^-diiy the motor from a 
conHtant-lnMpie.ney nopply throii^di a eaHea<l(‘, Ht^t, providin^^ variable 
fre(pieiu*y at the motor, d'he first method of free piency- variation 
neceasitates the. us(^ of a .st‘!])arate aiti^rnahn* for the. motor or group 
of motors concerntid, and is therohmuady appliea!)b^ to sxich cases 
as the. electrical propulsion of Hhips, aixd certain indtxstrial establish- 
uauits g;tuioratiug tludr owncnxrront for a junuber of motors recpiiring 
the same speed, variation. FrecpicuKy variation ])y means of a 
cascade sot has bc’sen used to pimvide two difhuumt spc^'.ds for a pas- 
sengjor lift, one for the main travel and a lower spcunl in preparation 
for stopping^. (2) The immber of polos, 2/^ can be varied hy using 
a special winding, with moans for chatigijig the connections so as to 
change tlio number of poles px’odnccul. Th(% simplest arrangement 
provicltjs a csertaiti number of pol('.s or a number twicer as great, 
corresponding to two spcHids in tlie ratio 2:1, (.*1) ’'Ilie stator can 

1)0 driven nieclianically at diheront speeds N r.p.m. so that, although 
the speed of tlie rotor witl) nyard to tlu^ stator remains constant 
at n r.p.m., the actual speed of the rotor is n ± N r.]).m., N being 
added to n if the stator is driven in tlus same direction as the rotor, 
and sxihtracted if it is driven in the o])])OHite direction. 

At no-load the imhiction motor runs jmactieally at synchronous 
speed (calculated as above), but as the load increases the speed 
decreases owing to the increasing amount of tlie rotor ‘slip,’ The 
three nietliods of speed variation mentioned for synchronous motors 
are applicable to induction machines and, in addition, spewed control 
can be obtained by increasing the ‘slip.’ At full-load the slip may 
normally be 2 7n l^-rge motors and 5 to 10 7„ small machines, 
but it can be inci’easedby inserting additional resistance in the rotor 
circuit or by usirxg an auxiliary machine to vary the slip without 
the waste of energy resulting from rheostatic control 

Th(^ speed of the simple series A.C. motor can be varied by 
regulating the voltage applied to the machine, using a variable- 
tapping transformer or an induction regulator for the purpose. 
In the many special types of A.O. commutator motors, with 
different systems of supplying energy to both the stator and the 
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rotor, speed control is obtained by altering the conditions in the 
rotor, e.g, by brush-shifting or by varying the E.M.F. applied to 
fixed brushes. 

These general notes are elaborated in §§ 722-735. 

722. Starting and Control of Synchronous A.C. Motors.— 

The synchronous motor being essentially an alternator reversed in 
function, it may be started by running it up to (or just above) 
synchronous speed by means of an auxiliary pony motor (see § 410, 
Vol. 2) and then synchronising it like an alternator. For industrial 
power service, however, it is much more convenient to use a self- 
starting, self -synchronising machine. A synchronous motor will 
start and run as a hysteresis motor, i.e. with the rotor not excited 
except by induction from the stator, but the torque and P.F. are 
then very low. 

With a squirrel-cage or phase-wound starting winding in the 
pole-shoes of the D.C. field system (usually the rotor, see § 679), 
a salient-pole synchronous motor can be started like a squirrel-cage 
or slip-ring induction motor, as the case may be (§ 724); different 
starting characteristics can be obtained according to the design of 
the starting winding, particulaidy as regards the effective resistance 
of the latter. A high-resistance squirrel-cage winding in an induc- 
tion motor gives increased starting torque (as compared with a 
low-resistance winding), but it also involves increased loss in the 
rotor copper during the whole time the motor is in service. In 
the synchronous motor, however, the high-resistance squirrel-cage 
results in increased starting torque without affecting the normal 
efficiency of the motor, because there is no current in the starting 
winding when the motor is running synchronously. The resistance 
of the starting winding must not be made too high or the pull-in 
torque will be inadequate. 

When starting a high-speed synchronous motor as an induction 
motor (by means of an auxiliary winding in the pole shoes), the 
voltage applied to the stator must he reduced to keep the initial 
current within acceptable limits. Thus the initial kVA consump- 
tion may be 6 or 7 times the normal full-load value if a 1 GOO 
to 1 500 r.p.m. synchronous motor be connected to the full line- 
voltage; and in order to keep the initial current down to 2 to 
2^ times full-load value, it would be necessary to reduce the 
applied voltage to, say, 60 7o normal. On the other hand, 
a slow-speed motor (100 to 200 r.p.m.) can be connected straight 
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io the uiainH and ilie initial current will not tixcc^od 2 to 8 
fcirnm full-load value. 

lledncixl voltages at the .stator terniinals nh\y hts obtained by 
xwitig Hori(w resistaiKus or roficiaiuxs or, prederahly, by tiuians of an 
an to-tran wf or nuvr or .stai'-dellui .switching. When a •*^r/mrrel-Gage 
starting winding is employed from tU) to 40 of full-load torque 
can bo obtained at starting, with about tinuss full-load, current. 
When tlie motor has thus be-esn brought U]> to 05 to J)8 ^ of its 
syncbronotis spesod the D.Cb (excitation is a]>pli(sl tn th<^ I'Otor field 
systan and tlu^ latbu* pulls ijito syncdirfniisiti with tins r<)ta ting field 
of tlui stator, pnyvidod tliat tlu^ resi.sting tor(in(s of tins load doen not 
exceed, say, I to tinuss full-load tor<[U(\ If iho saliont-pole 
syncdironouH motor ht^ provichxl with a 8-y;Ao..sc poinding (inntead 
of a H(piirrol-cag(5 winding) in tho polo .shotss of tins I ),( h fudd synteni, 
the nuichino is start(3(l likts a slip-ring indmdion motor (§ 724), and 
when 95 to 98 '7,, of tho synclironous sptHHl has hiHUi reached the 
3-pliaHO startling winding is short-circ.nifi^d (tluuHsaftor acting 
.simply as a datujung winding), and J).(h e.xcitation is applied to 
tlie Held (soils. With, this arrangtumuit a .starting tonpu^ equal to 
about 14 ‘ tiuKW full-load tonpn^ <‘.an lu^. obtained; tlu^ pull-in torque 
is from '1 to I J- timers full-load tonjins; and, if pulb^l out of step by 
overload, the motor can run for 5 or 10 nunutc^s asyiudironouHly 
withotit S(uiotm ov(srh(‘.ating, A .syucbronouK-a.symdironous motor 
(I 781 ) can nan indetinitely as an inductioia motor within the limits 
of' its ratiiag. 

It in often arranged that inod(5rn synchronous motors start auto- 
matically lander tlie control of a press button, float ('ontact, or other 
master switch. Tho thno nMjuirod to roach full ^induction’ speed 
(about 95 '7,, of .syticbronisin) vanes with the. load. The automatic 
closing of the I),(b (excitation switcdi ttan, ho'W(iver, Ixe made to 
occur at tlie correct tnouiont by moans of a fro(|utuicy-rclay actuated 
wlion the frc(|uoncy of tho slip-E.M. F. induced in the field coils 
falls to a prc(iotornimod value. 

During the starting period a high voltage is induced in the 
D.C. field coils (2 000 Y or so may appear at the slip rings). 
Using a low- voltage exciter (say 125 V) enables the number of 
turns, and 1 uuku^ tlie K.M.F. induced in the Held coils, to be kept 
down, ^riu^ (^xcihir is mounted on the (Extended shaft of high-speed 
motors, or chain-driven in the case of low-speed motors ; its voltage 
should iu)t bo higher tlian required by the P.F. desired in the motors 
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otherwise there is needless waste in the field rheostat. A sectional- 
ising switch is often used to subdivide the D.C. field circuit of the 
motor and thus prevent the induction of dangerous voltages during 
starting. Alternatively, the field circuit may be short-circuited 
through a field discharge resistance during the starting period. 
Starting with the field circuit ‘ open ' results in maximum initial 
starting torque, but a greater pull-in torque is obtained when the 
field is short-circuited through a resistance, the best value of which 
may he found by trial. 

Two-pole synchronous motors (§ 679) are built only in large 
sizes, say 1 000 H. P. and over, and are necessarily high-speed 



Fia. 843. — Oharacteri sties of two-pole synciironous motor started ty 
two-step compensator, 

machines (3 000 r.p.m. on 50-cycle supply). They are started as 
squirrel- cage, induct ion motors, a special winding being provided on 
the rotor for that purpose. The machine itself would stand the 
mechanical shock of being started on full voltage, but, in order to 
avoid the very heavy current rush which would then occur (say, 
10 or 11 times the full-load current, see § 340, Yol. 1), it is ad- 
visable to employ a two-step compensator starter, giving reduced 
voltages of, say, 45 and 70 7o voltage. Alternatively, 

external reactance may be connected in series with the motor to 
reduce the current rush during the starting period. Figs. 343 and 
344 * show torque and current curves for a 1 500 H.P., 3 600r.p.m., 

* From ‘ Two Pole Synchronous Motors,’ by B. "W. Mclienegan a-nd I. H. 
Summers, Jouo-. Anur. Tol. 47, p. 586. 
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Kiel, a-14,- Caiam<'t.t<riHtiit!H of t.\v<j-j[)ol(’! KjurhroiHniH inoior KtarUnl by 
two“Ht()|) H(‘rioH r(‘aftor, 

vallUiH (>r uxtu^rnal lauictancti .144), dlui haul tonpK^ curve in 
lK)tli eaH(vH is that of a (auitrifu^al coiiiprcsHor with the discharge 
t I I ciloBcd, ’‘Hurngh thi^ soricH re- 

3 1 sJ s/ a<‘4aiuu^ in ih<^ siiiiphn’ and cheaper 

I I I — ^ of starting, th<^ current rush 

Bj ll/ bJ bJ bJ <‘.ouHi<leraldy hcavi<w than where 
T T ' H coin])! uiHH tor is used. The starting 

^ J J <u)nncctions nsiHl in the latter case 

are shown in Idg. 14**), tht) sequence 
ot o])craiionH being as follows 

^ ^ ^ ■> 'Phe utnitml |Knnt <4 ilH» autti-fciuusfomer 

I I in (»Ioh(kI by HNvltchoH *4. 1’he main circuit 

^ / jH/ bimkor and tie* <’<inijje«Hator breaker B 

• T k k I being cloHod, the Iow-v<»ltagi5 tapping is com- 

I •— j; pletod by Hwittdem (\ iliUH applying 40 to 46 “/(, 

W of normal voltogts to tlu) mofeir M, After 
reaching about 70 '7u “t normal speed, the 
voltage applied to tbo motor in increased to 
70 ®/„ of normal voltii^gc by t»pening the breaker 
</ and eloHing t>. Tins reactanc?e of the auto- 
b’in. 7\vc)»Htop compen- tmiiHforiuor mduccH the oniTont ru»b which 

Hator f(»r starting two > polo hvu- would otherwiHo ronult from tide increase 
cl.roiUii.H inut..r. with Komdorfer j, j j gje,t 

i*t)uut'(h.nin for iranBler to nul , 

(see Kig. 8411) tlie mot<n‘ tmi Im Hynohromeed 

at 70 '7u <d iH>rnial vtdtago by switohing od 
tlio (^citation. The Korndorfer connoctitm (Mg. 345) enablee the transfer 

IW 


b’in. 7Tvo»Htop compon- 

Hator f(»r ntarting two « polo ayu- 
(•broiuniH motm’, with Korndorfer 
i*t)uut'(h.i(in for iranBfer to full 
voltag**. 
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to ful] voltage to be made without interruptiug the power supply. The neutral 
breaker A is opened first ; this leaves the motor connected to the line through the 
upper sections of the compensator as series reactors, and the voltage at the motor 
terminals is about the same as when the switches 4 were closed, or even a little lower. 
The running circuit -breaker E is then closed, short-circuiting the series reactance 
{i.e. the upper part of the compensator) and applying full-voltage to the motor. 
Finally, the compensator breaker B is opened. 

With, this method of starting, the maximum current taken from 
the line is limited to about three times the normal full-load value 
(see Fig- 343). 

If either the motor torque or the initial current of a synchronous 
motor is excessive when starting at full voltage, the voltage applied 
to the motor at starting may be reduced by an auto-transformer or 
by a series reactor. The latter requires simpler switchgear, and 
smoother starting is obtained, the torque approaching the full- 
voltage value as the speed increases. The advantages of reactor 
starting can be obtained without an external reactor by using 
multiple windings in the primary (usually the stator) of the 
synchronous motor, so arranged that part of the winding is used 
during starting and the whole for normal operation. The following 
particulars * explain the method and the characteristics which it 
produces : — 

A double primary winding is generally employed, the coils of one 3-phase 
winding being laid in slots 1, 8, 5, 7, etc., while those of the other winding are placed 
in slots 2, 4:,; 6, 8, etc. One of the two windings is permanently in star connection. The 
star points of the phase coils in the other winding are led out to a 2-pole circuit 
breaker which lis open during starting and closed when the motor reaches 90 or 
more of synchronous speed. The outer ends of corresponding phases in the two 
windings ai'e in parallel. Current thus flows through only half the total number of 
stator coils during starting, and through both windings in parallel when the motor 
is up to speed. The effect of this arrangement is to increase the reactance and 
reduce the torque and kVA inrush during starting. The motor is synchronised after 
closing the star connection of the second winding, or, if the load is light, before the 
second winding is brought into use. 

Fig. 346 relates to a 3 000-H.P., 126-r.p.m., 3-phase, 25-cycle, 6 600 Y motor, 
and shows the torque-speed and current-speed curves for the machine as started with 
both windings and with only one winding in use (full voltage in both cases). The 
use of only one part of the multiple winding reduces the starting torque to about half 
and the starting current to about two-thirds the value corresponding to full-voltage 
starting with both windings in use. These ratios, being fixed by the relative 
magnetisations produced by one and two windings, axe not capable of adjustment, 
but as the motor comes up to speed on the single winding, the torque approaches the 



^ 7331 KLl'X^rilKVVr. ENGINKERINXi PRACl'IClE 

uornial full-volUgo torquw (jurvo (as in roat*t<>r starting), and ihwti is only a small 
phaugn in toniun win'U tho socond 'winding is nn«rgiH<Hl at. dO U> ‘dft 7.. synchronous 
H|}oc(l. ^'liorn is no iniorruption of jxnvor supply oncu^ starting has hcnm wmnienoed 
and the motor tdruunn(iyHunoi*H litfelo, if at all, fnan tlu's iistH)! two windings, Normal 
pnU-in torque can 1 h^ oi>tain(*(l by closing the Kocond winding in synchronising, 

Tho new nn^thod of starting is applicahh* Uumy load which (xmld Iwi started by 
thu samo m<»tor using Isdli windings and a 70 '7„ auto-trausformcr tapping, Itjg 
well suited to sucli loads as fans and pumps in which the. load iuevoasoH with the 
Hpieod, and it is also roconmnuidod for hmds (unlHslying g(*am or heltg ; oven if the 
motor will not start with tho singUs winding it ‘ takt‘j{ up the slack,’ and when the 
second winding is cU»h<h 1 thii sot starts without severe nmchanical shock* 

Miiltipli^ wiiuling; HtnrtiuiJf aui hImo ho upplitnl to polyphase 
induction taotorn, providod that the dt^'ni^ni t)l‘ the nuiehhia doeB not 



% Of srNCHnomus SPim % or Smenmam spem 

Fin* ' 1h)r(pie-H])(uul and current -H|>eod inn'v<!H fur double-wound 

synt'.UvououH mot<ir during ntarting pwiod. 

ptsriait the (Ifwolnpiacait of approidahla harmonic tortjTioH 'when only 
the alternate coiIh an% laierg'iHod. 

^kwtmg by Oluivh or Free i^taforr -V^^um^ hi|rhid' starting- 
torque in <l(uuaiul(Ml by the load than ean Ix^ obtained by Htartiag 
a HymtdironouH motor an an induction mottir, a cluktli may be UBed 
HO that the motor can be syuehroniHod on nodoail ami then be 
en^a^ed Huiootlily with itH load. Once the mobn* han htwxi syn- 
<*.hrouiH(Ml it can apply any torque up to itn pull-out ton jue (aay 
! I to 2 til noH full-load torque) to start the load, 

A magnetic clutch may be UBad between the motor ami the 
load, or th,{^ rotor may be direct coupled to the lua<l ami the atator 
may hts mounted in hearingH ho tlmt it can rotate freely during the 
.starting; p«3riod, tlui rotor lieing meanwhile held ntationary by the 
rt^Hintauw^ of tlu^ loa<l. When the stator han reached Hynchronous 
H|jee<l aiul pidlc*d into .stei) on no-loa<l (with a current conBumption 
tHfual to about half the full-load currant), a band break ih applied 
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to the ijtator and the latter is gradually brought to rest while the 
rotor and its load are accelerated to full speed. The rotor begins 
to turn directly the breaking torque applied to the stator exceeds 
the resisting torque of the load on the motor shaft, and the relative 
speed between the stator and rotor remains equal to the synchronous 
speed o£ the maclxine during the whole time the load is being 
accelerated. If the torque between the stator and rotor exceeds 
the pull-out torque, the motor falls out of step and a fresh start 
must be made. If the stator band brake be applied by a weighted 
lever, which is released by a trunnion block driven by a servo- 
motor, the main motor can be started and stopped by a press 
button. 

Motors of this type are applicable with advantage to any 
constant- speed load demanding a high starting torque, owing to 
high inertia, initial frictional resistance, etc. Such loads include 
heavy lineshafts ; pulp beaters ; crushing, grinding, or pulverising 
machinery left full of material; large air blowers; compressors 
and pumps without unloading valves or hy-passes ; vacuum pumps ; 
and so on. Although this method of starting has been used 
successfully in various high-power drives, it involves the complica- 
tion of special bearings for the stator ; and slip rings with brushes 
to maintain connection between the supply (possibly at 6 600 V or 
higher pressure) and the stator windings. Also, it is impossible 
with this system to use a direct-coupled exciter for the D.C. field. 

Speed Variation of Synohronfious Motors . — As ordinarily used, 
the synchronous motor is a machine of definitely constant speed, 
but its speed can be changed by varying the frequency of the 
supply (this is usually impracticable), or by varying the number 
of poles by re-connecting the windings. For example, the speed 
can be halved by doubling the number of poles in both the stator 
and the rotor. A certain 2-phase, 2 300 V motor built on this 
principle by the G.E.O., Schenectady, has the ratings and perform- 
ances summarised in Table 131. 

The D.C. field poles are arranged in pairs which are of opposite 
polarity for low-speed operation, but of like polarity (thus halving 
the effective number of poles) for high-speed operation. The 
requisite change in connections is made by a switch which reverses 
the connections of alternate polar windings. A corresponding 
change is made simultaneously in the stator phase connections. 

Typical applications of this class of motor are to driving an 
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altdriuitor at. two difUaaail. M]K((\(i.s, for (iillVn-iit iV(M|U(!n<‘i(w ; (IrJvi 
a ('.ollicry fan at. liulf-spotal until fulI-.siMUMl ia n‘<nurc(l ; ( Irivine 
elerfcrkially-propc.llfal ship at lialf-Njaaai, without i-h'anfrm<r the 
sptHxl an<l frwiuciicy of th(> supply alt(>rnator ; and, in^rgneral 
(Irivinf^ any load whoni a 2: 1 spond ratio is ro<pura<l. particularlv 
at constant tonpns i.,'. with tlio H.P. pruportiotuil to th« .speed ^ 
Dijntt^ndc. Ihakiw) of d!/nohr(moii.s MoUh-k- -Syuehronoua 
inohirs can Ik^ hrak<al dynauucally h^y <li.scuniu‘ctin^ the .stator wind- 
int^ from th(^ .supply (diaaiit and .shoi-t-circuit inp; it tlirou},di a resist' 
anoe. d’la^ J).tk fudd f>x<tit,ation launp: fully inaintahuMl, the mote 
now ruu.s a.s an altinaiator, and the kinetic euerf'y of the rotor and 

Tahlh inir-Rdtim/ (i.tid IW/ormancr of J'oIcdJkanginq 
tfijwhro'ixmK Motor. ^ 


la-IHiIe , aa-pule 


R.P.M. on OO’Cjyclo Hupply 
Hatodll.P. , / , 

Starting torque (times fulMoail) 
Starting eurrtjnt (times full- load) 
Kflicimc.y, per cent., at full load 
»» ,, if-load . 

»» »» . 

>r ,f J-load . 


000 

800 

5 000 

2 600 

2*2 

1*1 

7'7 

B*7 

U5i| 

mi 

05 i 


ihi»lr * 

94| 




the driven load Ls r!ipi<lly dissipatod as heat in the resistanceH con- 
nected acims the .stator tenninals. According to K. B. Wpear,* a 
syncdironouH motor can Ije.stopptal hy this method within a number 
of revohitioim ecptal to fnmi _1 to 2 'f of tlm normal r.p.m. accord- 
ing to the inertia ol the I’otatiufr parts ami the chanK'teristies of the 
macliine. In other words, _ a 400 r.p.m. motor can he brought to 
rest in Iroin 4 to 8 revolutions ami, as its average speed <luring the 
p(U'io(l ol retardation is J x 400 or 200 r.p.m., the time occupied in 
stop|)ing the! m(»tor will he irom 1 *2 to 2*4 seconds. Dynamic 
hraking stops a synchronous motor more rapidly than ‘ phigging’ 
the imudiiue hy reversing tlm applied eurrentf ; ami it has the 


* PouHT, Vol. 07, p. 856. 

f Ac<.nn’ate and practical formulee for defcermioiog the number of revolutions and 

tlic timu rcquirud to Htop a Hyuclironous machine by dynamic braking are given by 
o. J',. Kiilxiuruc and 1. A. Tbit.v, Kledrictd Knyimet-ing (Jour. Auier. I.MlJS!.),Yo\. 
I) i, (). H.J.'I. 'I'licHc autiiom give tiie following com])arittoafl between plugging and 
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further advantage that it is independent of the power supply and 
can therefore be applied even if the main supply has failed. The 
D.C. field, however, must be maintained during the braking period. 
Provision should be made for the dynamic braking of synchronous 
motors driving saw mills, steel mills, rubber mills or any other 
machinery which may have to be stopped quickly in order to safe- 
guard workmen or for any other reason. The control circuits can 
be so arranged that, on pressing any one of a number of emergency 
stop buttons located wherever desired, the motor is stopped by 
dynamic braking whether it is in process of being started, stopped 
or running normally. 

The equipment of an automatic starting panel with provision for dynamic 
braking (Spear, he. cit.) would include starting and running contactors, field reiav 
and contactor, dynamic braking contactor, auto-transformer, dynamic braking 
resistor, timing relays, and A.O. and D.O. ammeters. 

B.C. excitation must be present before the machine can be started and failure 
of excitation at any time shuts down the motor. 

Starting . — Pressing the start button energises the accelerating contactor, 
connecting the auto-transformer to the line and the motor to the transformer 
tappings. After an interval determined hy the timing relay the accelerating con- 
tactor opens and the line contactor closes ; the motor is thus connected directly 
to the line. When the machine reaches about 95 of synchronous speed, a relay 
closes the fi.eld contactor and the motor pulls into step. 

Normal Stop . — Pressing the stop button causes all the control circuits to be de- 
energised and, as the field contactor opens, the field is short-circuited through the 
field-discharge resistor. 

Emergency Stop . — Pressing any one of the emergency stop buttons de-energises 
the control relay. This causes the line contactor to open and the field contactor 
to remain closed. Simultaneously, the spring-set dynamic braking contactors are 
closed and the motor comes to rest within a second or so. A timing relay opens 
the field contactor after a predetermined interval ; the D.O. excitation is thus 
removed after the machine has been stopped by dynamic braking. 

Besetting . — Before the motor can he restarted, after an emergency stop or after 
failure of excitation, a reset button must be pressed. This energises the control 


dynamic braking in stopping an average 1 000 H.P., unity-P.F., mill-type synchronous 
motor : — 


Motor Speed 
R.P.M. 

Plugging. 

Electrodynainic Braking. 

Revs, to Stop. 

Secs, to Stop. 

Revs, to Stop. 

Secs, to Stop. 

1 200 

i 15*60 

1-72 

9*00 

0*98 

600 

5*50 

1-21 

4*32 

0*95 

300 

2*90 

1*28 

2*40 

1*06 

150 

1-65 

1*45 

1*41 

1*24 

72 

1*02 

1*87 

0*85 

1*56 
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relay, wnuieets the eontrol (iinniit, to ties HiarUiig hutieii, and epoim fche dvMflvn^ 
braking roubwiiorK, thiiH iliHcoiiiKH'-liing the braking resiKtaiiee from tht' Ktator 
luaehine t*an then be Ktai’tod a« above, ' * 

Reversal of a ;^pIuiH(^ syiu^hnnudiH motor is (^tlo.ctod "by inter- 
ehani^iii^r two of tln^ sujiply so as to n*v<‘rs(^ tlio direction of 
rotation of tlu^ A.( 1 . li(d{I. 

723* Control of Polyphase Induction Motors.- I'hc notes in 
§§ 724, 72n rolatiu^^ to tlu^ starting and spcMsl control of ordinary 
sqnirrtd-cngo and wound-rotor poly'phasc induction motors hIiohIcI 
be read in coii junction with 681 to Vm : and rcbmmce should 
be made to §§ ()84 to 688 for information vmuwinn^ HjHKnal types 
of polyphase indtudion motors, (himuuh^ and variabltHspeed nets 
are dealt witli in 694, 727-729. 

Certain oi; the methods of startijii^ and Hp(*isl control are equally 
appUeahlo to S(piirreI-ca^o and slip-rin|^ induction motors, and, when 
considering tins elh^cts ot various Hysituns of coiitrol, it should be 
remeinl)ored that S(|nirrol~(m^a^ motors of approjjriah^ dcsii^^n Iiave 
oharactoristics eomparabh^ with tliomj of slip-riu^ mnc.hinoH (§ 681 ), 

liopresentative switcdigj-i^ar 'uh(m] for tlui (‘ontrol of induction 
motors is d(}scrib(Hl in § 788 . 

724. Starting Polyphase Induction Motors. Tim inherent 
starting charactonHtics of S((uirrcl-cag(*. and slip-nng tuotors are 
explained in 681 to f)H8, and compannl in '^fabh^ 121, | 684 . 
WxippleinBntary informatuni is givtui below cuma^rning - 

(a) Starting at full v^)ltagc», l>y switcdiing straight on to the 
Bixpidy. 

(i) Starting at r(Kluce<l voltage, obtaimsl by resistance or 
reactance in seritw with tlu^ supply leads; by star-delta 
(d-pliase) or sorhis-parallel (2-phaH<Q switching; or by 
auto-tranHformt*ir, 

(c) Starting by additional n^sistance in iluj stscondary circuit 
^ ^ (applicable only to wound-rotor or tspii valent inacdiines). 

T}m ciiHo of special H(iuirnd-cag<i uuxchines, in wluVdi the etfective 
UisisUiiKki of tlu^ rotor winding is altered by {nirront“<liHplacement 
or similar means, is considered in §§ 684 , 685 . 

(ct)^ htartvmj at Full Voltage , — -Though the ruk^suf the supply 
authority must, ol course, be observed, there eani hardly be any 
rational objection on technical grounds to the full-voltage starting 
ol‘ any S(iuirrcl-eage induction motor up to 10 or 20 H.P. on a 
modei*n imhistrial supply network. High-reactaneci H(juirr(3l-eage 
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induction motors, designed specially for starting on full voltage, 
usually take from 4 to 5 times the full-load current at the moment 
of starting. Machines of this type up to 20 or 30 H.P. can gener- 
ally be used in combined lighting and power circuits without 
causing trouble from lamp dicker on starting. Indeed, under 
favourable conditions of motor location with regard to the trans- 
former and large secondary cables, motors of 100 or even 200 H.P. 
(at low speed ratings) can be started at full voltage in combined 
lighting and power networks. * 

In American steel works high-reactance squirrel-cage motors of 
such ratings as 150 H.P., 750 r.p.m., 220 V, driving excitation 
motor-generator sets, are regularly started by switching straight on 
to the line. 

The effect of the sudden mechanical shock on the driven load 
must be considered where full -voltage starting is employed; and 
the stator end- windings of the motor need special bracing, particu- 
larly in high-power, high-speed machines, the initial current being 
relatively heavier and the length of the end connections greater than 
in low-speed machines. 

Where only a few motors are employed, full-voltage starting 
may increase the maximum demand of the installation very con- 
siderably, but this should not he a serioxis consideration where 
many motoi’S are used; see also § 682. 

In view of the fact that the initial current is from 4 to 7 times 
the full-load value when starting at full voltage, special provision 
must be made to protect the motor against overload. One solution 
is to use a double-throw knife switch connecting the motor through 
fuses of normal rating when in the running position, hut provided 
with specially lieavy fuses (or no fuses) on the starting side. It is 
obviously undesirable to start tlie motor with no local fuses in 
circuit, and even if specially heavy fuses be used on the starting 
side, a spring or other device must be used to prevent the switch 
being left in this position. The use of additional fuses in parallel 
with the running fuses during starting is a better solution, the 
supplementary fuses being cut out of circuit automatically as the 
switch goes to the running position, A manual or automatic switch 
with a thermal overload release, having an inverse time limit, is 


* For data on tMs subject see ‘ Ijow' Voltage A.C, ITetworks,’ D, K. Blake, Gen, 
m. Bev,, Yol. 31, p, 186. 
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anotlwir nxmnH of providinfr adiMumto protiH-tion <hirin<' liotli i 
ing and normal rniiniiig. ’<^ah start- 

thooHootol starting; aii indtict.ioii motor at, ivdmvd voIta.J ,-„i’ 
rednco tl.o .starting tonp.o in proportion to f l,o squaroof tl.e voltac! 

hiilvm^r tim voltaf,n* (piaiiors tlm .starting tonnn, Tf if 
applnnl volta^n* t),, rmluoail hy r,..smtano.i in .sorios with tlm nri. 
(mually tho stator) with linj^rs <,r t, ho motor, tli<^ lino ourreilt i"*? 
duciKl m thosama ratio a.H tho vidta^r,, across tho taotor tanuinah 
Init with ,star-<iolta or anto-tnuisrormci- startin^r the lino current i»’ 
mhmod n, proportion to thu .square of tho motor v<,ltaf,m. S th 
other hand, tho 1>. hh of tho moh.r when startod with pHmmy I- 




(<^'>mthPr;marcj/?esisU„^c. itP Bjy /luto-tr^nsfor^er. 

Fio. 047— Uini.^m,g Ju,o „„rront« who,, Ktarting inclm-ti,,,. iu„t<,r« l.y different 

liuit h<aeln. 

siHbanoo is conmdcrahly hi^rhor than tl.at of tho motor with an auto- 

traiiBtonnor. ^ 

compHroH tho two cases of atartin^^ with prh nary 
resistance and hy auto-transfonuor r<»s)>ec,tiv(ily ^ 

appliodtothoniotortominal is "“’f.,}" f ^ 

anoo rodtio<« tho Hno currout m the ratio // (H n S, lulM 

««j/»rw«.r._in this case, Jn* iA'tecrt/.,, uoofl voi oi o 

/^v r ^-r ^ ^ <“)- -12::? S(\"+i ti 

wouJd be M r'f * ” <“II-voItage starting the ourrent 

wouJd be h,. as before and this equals HB + s)/* (for« - Is and also - 
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El HR + 2))- Hence the use of the auto-transformer reduces the line current in 
the ratio 

Iz 

(irri) ‘ i{H + 

In other words, the line current is reduced in proportion to the square of the voltage 
applied to the motor. 

Starting by means of resistance in series with the stator is 
obviously wasteful {see Fig. 353), but is sometimes convenient 
wliere small squirrel-cage motors are concerned.* A motor which, 
develops IJ times full-load torque with 6 times full-load current at 
full-voltage, will develop about ^ full-load torque with 4 times full- 
load current, and from 0*1 to 0*25 times full-load torque with If to 
2| times full-load current if started by means of primary (stator) 
series resistance. 

The m drop in the series resistance decreases as the motor 
accelerates and the current falls. There is consequently an auto- 
matic increase in the voltage applied to the motor and a greater 
increase in the torque developed (the latter varying with the square 
of the voltage). The motor, therefore, accelerates to a higher speed 
than it would on a constant reduced voltage (as given by an auto- 
transformer) of the same value as that initially given by the series 
resistance and the current rush following the short-circuiting of the 
resistance is relatively small because the IH drop in the resistance 
has already fallen to a low value ; on the other hand, the initial 
line current is heavier, because it varies with the applied voltage 
instead of with the square of the latter. 

In certain cases where motors of 10 to 20 H.P. are started by switching straight 
on to the supply at a distant station, the JE-drop in the leads, heavy at first and 
then automatically decreasing, retards the acceleration of the machines by starting 
them, in effect, through series resistance. In some instances, the size of the supply 
leads has been purposely reduced in order to intensify this effect. The JPi? loss in 
the leads during normal operation is, of course, increased at the same time. Also, 
the terminal voltage at the motor is reduced and this may result in overheating of 
the machine when loaded. Low voltage on induction motors running at or near 
rated load at the end of long and heavily loaded circuits is a common cause of 
overheating. 

For small hoists, machine tools and other drives requiring 
motors up to 20 H.P, it is often convenient to use a drum-tjrpe 
stator-resistance controller giving four values of resistance, forward 

* The method is equally applicable to slip-ring motors, but there is no point in 
using it ; much better starting oharacteristios can then be obtained by means of 
variable resistance iii th6 rotor circuit. 
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and revwHc. TIhh total resirttaiK’.i-. nniy hn Huch that aboat half 
fuU4oa<l fconjuo in availahh'. on startini^^ Fi^r. ;148 rKows at 
d a typical torcjne-speed 


rulf J/o/ta.gc 


D^ykriab/c 


Resistance 


(‘.urv<‘. for full . voltage 
start in^r. ^ With different 
vahioH of re..siHtance in 
sc.rics with tht^, primary, 
tlu^ form of the torque 
mrv^^ may he an at B or 
(K hut if a variable re^ 
sistaiK^c, is removed pro- 
^r(^HHivcly as the motor 
a<‘.celorat(vs the curve will 
! \h\ of thc» <>;tux(mil Hhape 

shown at /). 

™ ^ ytartrii/f inith react- 

Percent. Bynchronoc^S Speed with th 

;ilH...Tnr<iuMi.r«!il oum« f<)r .nrinmry ofForH the ad- 

vahiQH of primary roHiBituico. vantajL^e. that the applied 

volta^i^ is mluced by 
reactive innhmd of ohmic volta^m drop 45, Vol. I); the loss 
is therefore unudi redticx'd, hut, on the other hand, the P,F. is 
also cotiHideralxly i, ’educed. Idkc currmifc and torqtie <diaracteriHtics 
are practically the same as when uniiij^ wvritiK nmiHiimm for the 
name v()lta^<^ redtud.ion, hut tdie energy flissipated in the Htarter 
is nnxch less (huo Fi^. 454). 




Pkj. 849.— Applied volfcsiigoa in «tar and delta cemwstionti. 

b^tar-ddtfc mntehing is one of the eominoneHt methods. of 
r(shKdn;4' th<^ starting* emrrent of 4-phaHe srpiirrehcage motors, 
Hrrlcs-^p(vr(tUrl Hwltokimj boin^ the cornxHpoudin^’ nu^tliod for 
2-pliaHe mot(.)rH. llie applied voltage per phaBe when a S-phase 
winding in connected in star ih I/V'3 or about O' 68 fciiues that 
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corresponding to delta connection (see Pig. 349), hence the starting 
torque with star connection is one-third of that with delta connec- 
tion. Also, the current taken from the mains with the windings in 
star is one-third that taken with the windings in delta. Thus, if a 
particular 3-phase squirrel-eag© motor develops O'S times full-load 
torque with S-J times full-load current when it is started with its 
winding's in delta, it will develop about O' 27 times full-load torque 
with 1'83 times full-load current when started with its windings in 
star. These conditions are shown in Fig. 350, from which also it 

will be seen that there is 

a heavy rush of current at g 

the moment of changing ^ 

over from star to delta ^ ^ 

connection when the motor ^ \ 

has reached about 85 7o 5-^ 

of its synchronous speed, l\ 

The low starting torque ! \ 

with the windings in star 

is the inevitable conse- Y» 

quence of reducing the 

applied voltage. If the * \ 

voltage be reduced to a ; | 

less extent, say to 80 of ^ 
normal, by means of an 

auto-transformer, the start- ^ 20 40 60 60 100 

ing torque is higher than Per cent. Synchronous Speed 

with star-delta starting*, but 350.-~0urrent and torque curves for star- 

, , , , . . , delta starting, 

so IS the starting current.'*’ 

The current rush at the moment of changing from star to delta 
connection is undesirable, but it is less than the starting current 
in delta connection (4 as compared with 5-J times full-load current 
in Pig. 350) and it lasts for a much shorter time, the motor being 
already nearly up to speed, and the current rush being accompanied 
by a large increase in torque, as shown. This momentary and 
comparatively moderate rush of current is not serious in a modern 
supply system. 

N'ormally, a squirrel-cage motor, started by means of a star-delta switch, is 
changed over to the delta connection as soon as it has reached about 80 to 85 of its 

^ It is of course possible to use a motor with inherently higher starting torque ; 
see Table 121, § 684. 
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\ Torque:^ 


Per cent. Synchronous Speed 


Fig. 350.- 


-Ourrent and torque curves for star- 
delta starting. 
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HyiK'liKiiKius Hputwi, othiinviw' tlm iiKisintHiu toripio wliii li can 1 k( dovdlooea ™ • 
mlativolv l.ay (H-ig. If, lmw«v„r. it is k.x.wn that ths nm.'hiu., win om2T 

a •■tmw<I«m 1 . 1.1 iicno.! lit not mi.ro than half-l.iad, thi- stator J - 

m Ktai'. I ho inaxiiiutm iiownr which can thon he ilcvchiisid is usimllv Lt„ ” 
fM) and tiO of the. ratcil output of thu machine, hut the p.w.n- factor and^efiioieom 
of thu motor ara higher than they would he at the same load with tlx. stator nt.. 
ni delta comuiction. On light loadtlm magnotising .•uri-ent, with thu star connLn!' 
IS about <mn-thn-d of that Hewing when the stator phases ai-e eenn«:taa in dalt. ! 
and at onu-thii-d of full load thu [K.wur factor of thu Ntar-emnectud machine is almi 
uiiual to thu full-load i«Hvur factor with delta coiiuuctioii, say C-H,') iimtaadof 0'66 
SSinnlai'Ij', the ullieieney of thu Htar-euiinui-ted niaehinu at ouu-third load mav hi 
alxiut H.) instead of, say, HO with dolta eonmsdien. 'riiuru is thus considershli 
advanlago m e[iorating thu iixitur with Hlar-eouixs-tud staU.r phas.s provided thal 
thu load will notexeuod say .',0 "/„of thu rated output of thu d.dta-coimeutod machine’ 
hut It is <il)vi<iuBly iinpractieahlu, or at least mus’ouomi.’al, to run the machine in 
tins way if freiiuout iuerunsus in load ixinussitatu eliauging thu eounucticim todeltair 
oraor to prtivonfc tho motor from Htalling. 


()bvi(niHly, Mtar-deltn ntartin^ ih only Hpplicnblo to motors 
(lasi^riiod for nonual oporation with thi^ Htjitor in delta or 

lueish coniuwtiou. Tho fact that .star-d<dta Htartin^ in to employed 
nuiHt l)c nunitioiu^d whcni ordorin^tlm motor. 

An iiltornativt) luetluxl of Ht#irtin|r induction motoin at reduced 
voltage in by lueanB of an m* tunnpr (§ 396, 

V oL 2). i he advantage oi tluH nu^tluxl, tiompartnl with ntar^delta 
BW'itclung, in that altcruativu tapping.s can bt^ imovichsd (iorronpond- 
ing^ t() variouH inamimm from, nay, 40 to KO of lino voltage. If 
a ()o A, tapping bt^ nned, the ntarting tor(|uo and line c.urrent are 
(0 (Ii5)^, i.e,^ about 0*42 of tho valnon 0 (>rrij.sjK)uding to full-voltage 
starting. Thu tapping UHtul jnay h(5 wdectiKl on<‘ti for all to Muit the 
paiticular motor an<l load coneemed, choowing tht^lowcHt voltage at 
■which the motor ntartn MatiBlactorily * or a npocial Hwiteh may te 
UHod ( h ig. ^ 1 12, § 39(1, V ol, 2) to enabh) progroHnivtdy higher voltages 
to 1)6 applied. Ah the auto-traiinformer ih only uned temporarily 
it may be of the open-delta type (§ 394, V(d. 2), but a ntandard 
d-phane auto-traneformer is preferable on the whole. A typical 
arrangement ib nhown diagrammatical ly in Fig. 351. A mechani- 
eal^ device in sametimcH uwad to euHure that the Bwitch in moved 
quickly Irom the atarting to the mnning jX)Hition. Care should 
he taken tlxat the connections between the running side of the 
switch and the motor are perfect, otherwise the machine, having 
been start<Hl regularly, will continue to run with single phase 
supply and will overheat on load (§ 681). 

A. S( {uirrel-cage induction motor with a low-resistance rotor 
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takes about Qi times full-load current if switched straight on to 
the mains, the current falling to about four times full-load value 


by the time the motor has 
reached 80 % synchron- 
ous speed (see Fig. 277, 
§‘681). If the machine be 
started at reduced voltage, 
by means of a ‘compen- 
sator ' (auto-transformer), 
the current taken from the 
network at starting is re- 
duced in proportion to the 
square of the voltage ap- 
plied to the motor, e.g. 
halving the applied voltage 
reduces the current taken 
from the mains to one- 
quarter of the initial value 
(see Fig. 352). It must 
he remembered, however, 



Fid. 351. — Starting squirrel-cage induction 
motor by auto -transformer. 


that starting at reduced 


voltage also involves reducing' the starting torque in proportion 



Fig. 352. — Starting current taken from network by squirrel-cage induction motors 
with various values of voltage applied to motor. 


to the square of the voltage (§ 681). There is consequently the 
danger that, if the motor is started on too low a tapping of 
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Um (•,umpin)iHHt.t>r, ih<^ tonpit^ will only bn Huliininnt feo bring it 
up io a tVaf.tiou f>r thn nyunlironouH HpoiMl, wif<h thn lusult that 
there will b(^ a lu^avy nnsh <»r cnn*niit. wbnu tJie compen- 

Hator Hwiteh in thrown placin^C the motor on full voll 

Ft»r if ilu' motor takos (’4 tinu's fuU4oa<l injrroni wIhoi Hfearted on full 

vtilUigo, tho f>() tapj)iiig on tlu^ (umipnnHator will nnlurt* tlio Htartiiig current to 
I X 0*5 or unit iiiuos tiho full-loiul valiu* (Kig. 1152), but, if tho to«iuo is then only 
HiiiHciojit to bring tho motor up to 75 of Hynchroionw HjKu'd, the ourront will rise 
to nearly 4^ tiiuos full-ltui<l vahm when tlu' m<»b>r is ohangtHl ovor Ui fulbvoltage 
{M>e l^ig. 277). By miug a highor tapihng, nay <>5 * vt>ltagt%, the starting current 
would be raisod to about 2*7 tiimjH tlio full- load vabnt and iho rhangc-over current 
would b<5 bnuigiit to ahont th<i sanio amount. 

Wluire the motor ntarLs on li^ht load, mo that the reduced torque 
cousetjUimt upon tlu^ low Mi4irtin^ volia^u* Htill hriu^n the machine 
nearly up to full-HptHul, a kw tapping on tlit‘ compensator may be 
used without au abnormal tuhIi of (uiriMuit <K*(mridng when the full 
voltag<5 is suhsiMpumtly a])pHe(l 

If a eomhiiKMl indueiiou motor ami lig}itin|r Itntd lias to be sup- 
plied through a relaiividy nmall trauBfermer ami a .se(‘omlaiy circuit 
of high reactancui it ttiay h(i advinahle to use n^Histaucti starters for 
the motors in orthu* to avoid the voltage dip and lamp flicker 
which would ocxnir under suoh eircumstanceH if compensators were 
used to start the motors. 

Owing to the liniite<l starting tonpu^ of stfuin’id-t^ago motors 
when started hy stai’-delta switc.hing or hy auto-transformer, they 
umst be started on relatively light load, using a ctuhdi if ueces- 
Hiiry to pmuiiit (d! this iKungdoiub A reliable automatic centrifugal 
(dutch properly adjuHt(ul and installed is (mtirtdy satisfactory for 
motors up to 250 H.P. or so. Tlu^ clutch should not engage the 
load until the motor has btam changed over to tlu^ d(dta (?onnection; 
tberciafter, the motor is capahlo of exerting 2.J to ti nuss full-load 
tunjuo without pulling out of sto]) (Idg. d5(>) ami can therefore 
start tho load witli certainty, ddui use of a motor specially designed 
to d(W(d()p high starting tor<iua (Fig. 2T7, § dHt) may obviate the 
iR^fUissity for a clutch. 

If the cliangfi-ovor from partial to full voltage (whetherbystar- 
<li‘,Ita or auto-transforiner) is made automatically, it in safer to effect 
th(^ change by a timi*,-lhuit rather than a current-limit device. The 
nid a(‘(», (derating tor<[uo in the starting position may l)e low, owing 
to low supply voltage or heavy load, and (lang(u*ous heating may be 
caused h(d‘or(^ the curriuit falls to the value at which the change to 
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full voltage would normally be made. If, however, the change-over 
be made after a definite time interval the worst that can happen is 
an abnormally heavy rush of current which will quickly decrease 
as the motor accelerates under the torque corresponding to full- 
voltage. 

Star-delta switching or the use of auto-transformers avoids the 
PB loss associated with the use of starting resistance, whether in 
the primary or the secondary circuit. 

The heat developed in the rotor is an important consideration in the starting 
of any sq,uirr el-cage machine, whether the latter be an ordinary squirrel-cage 
induction motor or a synchronous motor started by means of a squirrel-cage 
winding. This heat energy is equal to ‘ the stored energy of the rotating parts at 
synchronous speed plus an amount represented by the area of a curve obtained by 
plotting the product of slip and load torque against time over the whole starting 
cycle.* In some actual oases * the kinetic energy of the rotating mass equals 
80 7o total heat loss in the rotor ; hence high inertia is liable to cause 

serious heating, particularly if starts be frequeriit, and it is impossible to reduce 
this by any change in the construction of the starting winding. Owing to the 
rapid rate of heat generation during starting, conduction into the iron ]s more 
effective than ventilation in keeping the temperature of the windings within 
bounds. This heating problem is more important the fewer the number of poles 
in the motor {i.e, the higher the r.p.m.), because the dimensions of the rotor for 
given horse-power are smaller the fewer the number of poles. 

(c) Starting by means of Additional Resistance in the Rotor 
Gircmt.f — This method of ntarting is inapplicable to squirrei-cage, 
motors in which tlie rotor bars are permanently short-circuited ; 
but it is used in Ksonie special types of squirrel-eage motors in which 
the effective resistance of the rotor circuit is reduced automatically 
when the machine has accelerated to a predetermined speed, by 
means of centrifugal switches which short-circuit resistances in 
the rotor or change the connection of groups of rotor bars from 
series to parallel. 

Generally, however, starting by means of resistance in the rotor 
circuit is restricted to machines with phase-wound rotors, the rotor 
windings being connected to slip rings between which a variable 
external resistance is inserted (see, for example, Fig. 282, ignoring 
the compensating winding). 


* Vide D. W. McLenegan and Ivau H. Summers, Jour. Armr, I.JS.E., Vol. 4:7, 
p. 587. 

fit is here assumed that the secondary circuit is, as usual, on the rotor. The 
method is equally applicable to maebines in which the primary is on the rotor and 
the secondary on the stator ; the starting resistance is then inserted in the stator 
phases, as, for example, in Fig. 283. 
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Tho oiiticts of Viirinblo rotor rosi.Ht.anco 011 f.ho lonnui devsl 
by an indnction motor rnll.y (liHcniHsod in S (i8 I in r 
with h’ifr. 2’7((. .'>'■> t'Onneotion 

^nu) valuer of fch(i Htartin^^ n'Mistaiu-o (‘inployci may l)c .such 
to (ksvelop nuixiiiium toniuc, or a hinjlicr initial nssi.staiu-.o iimvr 
lined in order to limit tlu> value of the; eurreat. Htep bv t 
metal ro,Hiatane<ss may be n.sml or li,,uid rh(s>Mtat.s may be eunJolrf 
It ia usual to nsstri.d, tlu^ eurrent ix'.ak.s duri.nr .startiny t,, fL 
■Hi t<. J-75 timen the full-load enrrent, the^naxiauim 12“ 
ilevelopod Ifeiufr then about Hi tiim^s full-load tor<iue. When th 
startinjr ri'.HiHtance has Ixam comphde.ly re.moved, the brusliM 
should b(^ lifted and the slip rin^r.s short-cire.uifed either autoniati 
cally or l)y a manually operate<l switeli. uiile.ss it be nsruirod 
re-insert nwisUmm in tb(^ c.irciiit for purpows of .spe.al control or 
to increase the .slip temporarily .so that advantafi;<! maybe taken 
of Hywhisol Hi()ra^r<‘. 

Full volta^rn is n].i>lie(l to the ].riniary (stator) when staitine 
by nwistauce. in tlie seeondary (rotor). ^ 

^ Gomparimn of Vvir. from a paper by 

G. W. halls, affords mo.st iiistruetive e.omjiarisoiis between the 
oharactoristies of a squinad-ca^re motor stai-ted : A , <m full voltage; 
Jl, hy means of series reactance in tlu', jn-imury; t;, hy seriee 
resistanee.; and I), hy means of an auto-transfonner. ' In cases 
C and J) tho pressure applirxl to tlie motor was 70 'f of the 
line voltafre. All three motluxls of startingf hy reduced "voltage 
give practically tlio same rate of acceleration (see tonpus curves), 
but the auto-transformer reduces tho lino current to a minimum 
and also involves less waste of energy than the other methods. 
Tho dotted curve in tho loss chart shows the ])Ower consumed in 
tho motor wlion starting at roducod voltage. With large, loiv- 
voltago motors it becomes diilicult to dissipate th<‘. T'-'/i loss from 
a rosistanco starter, particularly if starting he fre<|uent. A 
resistance starter is considorably cheapia* than an auto-transformer, 
and its applicability to multi-stop starting is an important 
advantage. 

725- Speed Cantrol of Polyphase Induction Motors, — As 

explnitunJ in ^ 081, tlus A.Cl induction motor 5h inherently a 


Vol American Institute of Electrical Engineers; see Pow&r Mouse, 
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inachiiu^ of almost con.stant nipisiul T(„s synclironous soepH • 
MJ f p r.p.m : whore /= suj.ply frt.iu<.„<.y i„ , j,, 21“ 
and y, » munhor of yx.ira of polos in the primary (usmlvl 
stator), 7’ho aotual apood of the maohine i,s always lis tS t 
syndmnums sjmcd by the amonnt of th.^ ‘.slip’ fS (jHi'j Jl ™ 
almost w*,ro on li^rht load ami seldom more, than h to «’"/ onfu'li 
load unless d, is delihoratoly inc.rease<l for pnn,o.s,.s of s]»ed con J 

.r., a 'S™™- “Ota. 

,, . ifif- Frf(/urn(u/ of /hr 'riiooreticflDv 

tins euahlos any desired .sjioeil to he ohtaiim.l,' hut the method 
mvolves the use ul a variahle-.speml ^.enerator or a roffSabl 
lro(inency-(mnverter devoted specially to the supnlv of thi’Zr 



(b) By (llMnyiwj the of Poh-n in thr Prinuirn -Thk 

can ho efieehsi by nlterinfr tlm connoctions of the windiim but 

this i)os,sihle: that eonsnlerahle com])lieation of couneidiens and 

ridtT’ Slid more or ij 

tT)l^ n^r proportional 

to t 0 (, lunalxT oi p(>IoH ui ouch 

(«) By ah<myv>uj thr ‘Blip.’- -The slip <-an he inen^ascsl, is. the 
ifti , 1 l><> ••'Hli.eml, by inserting, extra resistance 

IdilitiLr/^R circuit (usually the rotor), but this involves 
m ditiona /^i losses and the aotual speed varies to a greater extent 

(T vailb Ti ^ 

i ioctsCl’ M h" ITT '“‘•''‘'“‘O’ >aachine which 

Smt f - " T' fro<|uon<.y and phase into the rotor 

uiciut of the mam motor, thus coutrollin^r the sjK>ed of the latter 
above and below syuclironism, and also ].rovidiim for PF 

imter*r''r complication of haviufr two machines 

iHtifid <)l one) IH a mnom conHiclemtion whore a low H.P. is 

r/)idittiT(ms^"* combinations arc very nsoful in high-power 

V '•*«<« «rc discusseil mon* fully in 

” owing notes amplily the preceding remarks 
smeermng speed i-egnlation by variable frequency, pole-changing, 
ami secondary resnstance. ^ 

aid 



MOTOR CONTROL 


7^5 


(ex) Speed Control hy Variable Frequency , — A wide range of 
speed control is possible if the frequency of supply can be varied. 
By this means speeds above or below the normal synchronous speed 
can be obtained without serious regulation losses, as in series resist- 
ance ; also, the speed remains practically constant with each value 
of the supply frequency at all loads, whereas there is a marked fall 
in speed with increasing load when series resistance is employed. 
Unfortunately, an A.C. supply of variable frequency is not generally 
available, but it can be obtained by means of a frequency-changer. 
The use of a slip-ring induction motor as a frequency-changer for 
this purpose has been suggested,^ and the method may be useful 
for temporary service which does not justify the purchase of a vari- 
able speed A.C. commutator motor. 

An auxiliary motor is used to drive the rotor of the frequency- 
changing slip-ring motor at such speed that the frequency of the 
‘ slip ’ current corresponds to the desired speed of the main driving 
motor, the latter being then supplied from the slip rings of the 
frequency-changer. According to the direction and speed of rota- 
tion of the frequency-changer rotor, frequencies above or below that 
of the normal Hupply can be obtained. 

For example, if a 4 -pole induction motor is to be run at 2 000 r.p.m,, correspond- 
ing to a synchronous speed of, say, 2 100 r.p.m,, it must be supplied at a freq_U0noy of 
2 100 X 2 / 60 = 70 cyoles/sec.t Suppose that the frequency-changer is a 6-pole slip- 
ring motor. To obtain a slip frequency of 70 cycles/sec. in the rotor circuit of this 
machine, the rotor must be driven at a speed of 60 x 70 / 3 = 1 400 r.p.m. with 
regard to the synchronously rotating field of the stator. The speed of this synchron- 
ous field is 60 X 50 / 3 = 1 000 r.p.m. (assuming 50 -cycle main supply), hence the 
frequency-changing rotor must he driven at 1 400 - 1 OOO = 400 r.p.m. in the ojj- 
posite direction to that in which it would run if the frequency-ohanger weie allowed 
to operate as a motor. 

Under these conditions, the auxiliary motor must supply or about 28^ of 
the total input required by the main driving motor, the remaining 71J °/o being sup- 
plied through the stator of the frequency -changer (plus losses in both cases). 

The solution to other requirements may be worked out in the same way, the 
frequency-changing rotor being driven in the direction of the rotation of the stator 
field when a frequency lower than 50 cycles/sec. is required, so as to obtain a sub- 
synchronous speed in the main driving motor. 

Theoretically, the H.P. of the main driving induction motor 
remains the same at all speeds obtained by this method, the torque 


A Speed Variation Scheme,’ G, F. Heath, El. Rev.y Yol. 104, p. 145. 

+ The relation here employed is : Frequency, in cyoles/sec, — r.p.m. x No. of 
pairs of poles / 60. 
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varying mveXvSely with, the spood. ]H>wer fac^tor and 

will usually bo higher at speods above the nornuil. The centri 
fugal stresses increase with the scpxare t>f the spt^od, and it should ! 
be borne in mind that induction motors are not ordinarily intended I 
for operation above rated synchronouH npiu^d. Enlood, theyarein- 1 
capable of so running unions Hupi>liod at. lugher than their rated j 
frequency* I 

(6) ^^'peed Control hy PoU-Chwiujvmjj -This imdliod of control 
is best adapted to obtaining a liinit(5d numbesr of speeds over a 
comparatively wide range, bnt it can he eotuhinesd with secondary 

r(‘.HiHtan(‘.(! control {hoo (<*) belo^v) 
to ol>hiin iT^t<u’me<Uat<^ speeds. The 
princ.i|)l(', of tlu^. metluKl is illns. 
l.ra<.e,d by Fig. H54. In the upper 
diagram four poles anx ])roduce(l 
hy circulating <‘.nrrt*.nt in opposite 
directions rota id two groups of 
shitor coiIh in parallel. In the 
lower rliagram all the <M)ils are in 
sorioH and the. direction of current 
How is the same in each ; four 
South arc. Uiereforc produced 
within the (^oils and this results 
iti the formation of Noi*th ‘conse- 
quent" poloB hetween thorn, i,e, thoa*o are idght jHiles in all, 
and the synchronous speed of the motor is halved Tlio same 
principle is applicable to obtaining other combinations in one or 
more stator windings. If the rotor is of the squirnd-cage type it 
operates satisfactorily regardless of thti number of poles in the 
stator, but, if intermediate speed regulation is to bo obtained by 
variable rotor resistance, a slip-ring rotor must xised and pro- 
vision must be made for changing the numlKir of rotor poles to suit 
the number of poles in the stator. This InvolvoH much extra cost 
and complication, but speed control by rotor resiattmeo can be ob- 
tained from any one fipeed (preferably the maximum Bpeed, cor- 
responding to the smallest number of stator polos) without changing 
the number of rotor poles. In order to pass from one speed to 
anotlier without undue current rusli, rc-sistanecH may be placed in 
series with the stator during the transition. The seqxionce of more 
or less involved changes in connection in a pole-changing motoj: 

218 


8 -pok J 

Pio. 354. — TlluBtratiiig princii^le o£ 
polc-clianging ■winding. 
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is usually effected by a drum-controller, or by contactors actuated 
by a master controller of the drum type. 

Speed control by pole-changing is stable, i,e. independent of 
the load except for the small variation in slip, and there are no 
regulating-losses comparable with those of speed control by 
rotor resistance, but the efficiency and power factor of the motor 
are appreciably lower when the windings are connected for the 
higher number of poles, i,e, for the lower speed (see Table 1S2 



10 20 30 40 50 

Horse- Povyer 

Fig. 355. — Efficiency and power factor of pole-changing induction motor (6/12 poles) 

at various loads. 


Table 132. — Ty^yical Data for Squirrel- Cage Induction Motor 
with Pole- Changing Stator Wi?idings, 


No. of 
Poles 
in 

Stator 

Winding. 

Syn- 
chronous 
Speed 
on 60- 
Cyclo 
Supply. 
R.P.M. ' 

Rated Output 
and Speed. 

Efficiency, Per Cent, 
at 

Power Factor at 

H.P. 

R.P.M. 

i Pull- 
Loaii. 

Load, j 

1 

Load. 

i 

Load. 

Full- 

Load. 

1 

Load. 

h 

Load. 

Load. 

4 

1 500 

3 

1 418 

86 

87 

85 

70 

0*94 

0-90 

0*80 

0*60 

6 

1 OOO 

24 

980 

83 

84 

83 

75 

0-85 

0-76 

0*65 

0-45 

8 

750 

14 

670 

75 

80 

80 

72 

0-85 

0*80 

0'65 

0*45 


Greedy has devised a method of pole-ehanging by varying the 
phase between adjacent coils of a single winding, using, for this 
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purpose, a special auto-tranaformor.* I'-ijr. ;{5() ^ivos a sen 
comparison between the efficiency of speed control by a Creed 
pole-cbanging and rotor-r esistaneo respectively. 1 1 m ust, of course 
be remembered that the pole-changing motor o]K!ratoH only at 
a number of definite speeds (six in Fig. Jb'id, as indicated byth 
dots), unless rotor-rosistancci is ns<id for interiiKMliatis regulation 
Provided that the restriction to d(,ffinit(! ,s]i(«»(1h is aciceptable the 
constant-torque characteristic of the multi-speed induction motor 
(giving H.P. proportional to speed) is ort(m <dos(!r to the require^ 
ments of the load than is the ehara<!teristi(^ of tiio vni-iablo-speed 



Pig. 356.-Comparmg speed control of induction motom l.y lyile-clmuging and rote 


D.C. shunt-wound motor (torque approximately invem(dyT)ropor- 
tional to speed, hence H.P. appro.ximabdy (constant at all speeds). 

(c) Speed Gontnl hj Cham/mj the S/!.-p (iM-m/ Variable- 
Reaistanoe 'i% the Seconda'ri/).~Th(i qa-inciple ef speed control in 
wound-rotor mducfcion motors by varying the total resistance of 
the rotor circuit will be evident from tho notes on Fig. 27(i, S 681. 
the resistance of the short-circnite<l rotor winding corresponds 
the curve - 2, the stable portion of the tor(pie-H})ee<l curve is 

^ niaxiinum 

^ ^ tiinoH fnlI-.]oa<l toi'qmj with about 

/o J-t the total resistance ol.‘ the i*otor circuit be increased 


* Wlectricinn^ Yol. 7f!, p, 
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so that the motor operates on the curve E ^ 5, the slip will be 
about IT when the motor is developing the same torque as 
before, ie. the machine will operate at /S' instead of iS (Fig. 276). 
The speed at other values of torque is reduced in the same way, 
but unfortunately the regulation is not stable, i.e, the speed for 
a given value of resistance varies with the load on the machine, 
and to a greater extent the higher the resistance used ; also, the 
additional resistance in the rotor circuit involves a serious sacrifice 
of efBciency. If the method is adopted in spite of these disadvan- 
tages, up to 50 or so reduction in speed can he obtained at full 
load by increasing the series 
resistance, hut this is about 
the limit ; any further in- 
crease in resistance would 
make operation extremely un- 
stable, a small change in load 
then producing prohibitive 
variation in speed (see Fig. 

276) ; also, the motor would 
be pulled up by a relatively 
small overload. 

Fig. 357, which is deduced 
from Fig. 27 6, § 681 , shows 
the effect of increasing the re- 
sistance in the rotor circuit on 
the speed of tlie machine at 
various loads. The speed de- 
creases in direct proportion 
to the increase in resistance as long as the load-torque remains 
constant, but the variation in speed with increasing load rises 
rapidly as the resistance increases. At small values of total 
resistance, such as correspond to a short-circuited rotor (say -K — 1 
to 2, Fig. 357), the total variation of speed with load is not serious, 
say 6 % from to times full-load torque ; but for high values 
of E, such as required to reduce the speed to 60 °/^ on full-load, the 
speed varies widely with the load, say from 80 7o synchronous 
speed at -J-load to about 36 7o synchronous speed at l^^-load. 
The regulating resistance must, thereforoj be continually adjusted 
to maintain constant speed if the load is variable. 

The other objection to speed control by variable rotor resistance 
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Fig. 367. — Showing effect of resistance 
in rotor circuit of induction motor on speed 
at various loads. 
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i.s illuHtrato<l by Fi|r. tb(i in])u(. b) the mol, or ivmaiiiiiiir eon 
staiit, I'or constant tore] HO, Iho ()ul.j)u(, dia-nMiKCis in < linad, jiroporf 
to tho Kpood. d’lic, (litIo.)-(m(!(! hoUveon tin* in]mt, ami output 
mainly dianipatod in tho ro^rulntiii;,' la^sintancc,, and tim oflideucvof 
the maehiiie I'alla rapidly a.s tho Hpo(ul i.s naluood. 'When & 
torque required by tho load decroaH<iH with .sp.uid, as in tJus caseo 
fans and eentrifufral pumps, tln^ loss in tli<^ la-jLCnlatiuK resistance at 
reduced .speeds is relatively less than in tin* case of a couHtant 
torque load, l)ut is still serious; wv 'I’ahhi I .‘14, ^ 72V,, 

Owing to inefficiency and instability of Hpc((d control by rotor- 
resistance this method is inaitdy restric.tod to sucdi ai>pli<'ationfi as 
haulage motors under continual manual (iontrol, and to the use of 
slip regulators in conjunction with Hywlnnd stonige. J’or this 
purpo.se, a higdi-resi, stance rotor winding might he us<id, giving a’ 
high value of .slip, but this would involve, (sirrespomlingly Iddiisg 
losses in the rotor during tlie wliohs time the motor was in service 
Obviously it is more economical to insert supjileuientary re.sistance 
m the rotor circuit as and when it is (hwired to utilim^ tlui flywheel 
effect. This can be done automatically,* the slip-regulator insert- 
ing resistance progressively as tlm load excuic.ls a predetermined 
value, .the temporary increase in tin* Pit loss is jnstifieii by the 
convenience of, this method of drawing upon the (mergy .stored in 
the nywheal 

. ^“‘luction motor can only he rf'du<rd by insert- 

ing additional ohmic resmtance in its rotor circuit: if, however a 

suitable KM F be injected into this circuit by m.sms of an auxiliary 
machine (§ 727), the effect of a negative resistance can he obtained, 
i.e. speeds above the normal value cun boroaduHl and, at all speeds, 
the losses oi: reg-iilation by oliniic rasintaiK^o an) avobled 

l'<dyphase imluction motor and 
speed control by rotor resistance comprises a r.wcrsing switch or 
eon ae ors in the stator circuit, and step-by-step rheostats witli 

inf^rl ill the rotor phases. .Suitable 

nin rf provided to ensure that some (an<l preferably 

- __ resistance us placed in circuit again whenever the 

“.r.!”*' rs.-bsfzs.'; 

rotor iucreasinp- if-ti motor inserts resistance in series with the main 

rotor, mcreasmg its slip and aUo%vmg the flywheel to assist the main motor. 
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motor Htops, for whatever reason. Press-button control may be 
used to operate start-stop contactors in the stator circuit, and to 
start in one direction or the other a servo-motor which inserts 
resistance in or removes it from the rotor circuit. 

Table 133, — Approximate Full-Load Rotor Currents of 
S-Phase Slip-Ring Induction Motors (Ellison) . 

Hote. — W here no idea exists whether the motor will be in the low or the high 
group, the value in col. 4 may be taken as a bad approximation. If at all possible, 
the exact fi^re should be obtained from the makers of the motor. 

Open circuit rotor volts are easier to obtain by measurement on site and, if 
850 W per B.H.P. be allowed, a sufficiently close approximation to the true full- 
load rotor current is obtained. 


1. 

2. 

3. 

4. 

5. 

6. 

B.H.P. of 
Motor. 

Minimum 

Ampere.s. 

Maximum 

Amperes. 

Average of 
Min. and Max. 
Amperes. 

Average of 
Min. Group 
Amperes. 

Average of 
Max. Group 
Amperes. 

5 

12*5 

74 

43*25 

20*0 

65 

10 

17*5 

90 

53*75 

27*5 

70 

15 

25-0 

104 

64*5 

32-5 

76 

20 

35 '0 

110 

72’5 

40*0 

82 

80 

37*5 

128 

82*75 

47*5 

96 

40 

45*0 

140 

92*5 

56*0 

! 105 

50 

60*0 

160 

105 0 

65-0 

120 

60 

54*0 

160 

107*0 

70*0 

123 

70 

68-0 

185 

121 

77 

130 

80 

630 

193 

128 

82 

140 

90 

76*0 

190 

136 

90 

145 

lOO 

96 

200 

147 

100 

155 

no 

105 

200 

152 

110 

1G2 

120 

118 

200 , 

159 

125 

170 

150 

160 

210 

185 

— 

— 

200 

190 

230 

210 





300 

200 

320 

260 

— 

— 

400 

200 

400 

300 

- 



The rotor current of a Blip-ring motor varies widely with the 
design of thehnachine. Table 133* shows the extreihe range that 
has been found to exist b 7 an analysis of motors by eight well- 
known firms. The fourth column shows the average of the extreme 


• * Abridged . from a useful brochure * Hints on Bectifying Faults in Motor 

Control Gear,’ issued by the firm of George Ellison, Birmingham. 
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valueH in columi)« 2 and 3. The fiftli and sixth eolumns show the 
averages for the low-currcnt and higli-cnrrent grotijw rospectivelv 
726. Methods of Speed Control Compared. — TaWe lu* 
affords an interesting compariHon btitweon various methods of 
varying the speed of a mine fan. It is as.snnusd that thepovet 

Table 134. — Gomparison between. Methods 0 / kipeed Qontvol 

Pait vSiJEtHl, It. p.M 


Per cent, of maxiinuni speod 
Power absorbed by fan, in H.P. 

)i ,, ,, in kW 

(1) Induction niotor with variable rot^m' 

resistance. 

Input to motor, in kW . 

Eflicienoy, per oent. 

Power factor .... 

( 2 ) JPcle-^changmg squirrelcage motor. 
Input to motor, in kW . 

Efliciency, per cent. . , ] 

Power factor 

(3) Brush-shifting A. C, co7mnuiatm motor, 
Iimut to motor, in kW . 

Efficiency, per cent. 

Power factor 

(4) D.C. oiiotcy)' su2)jjlied by rtai'iahle-vol- 

tage synclironmis ^notat'-gejxerahr. 

Input to motor-generator, in kW . 
Overall efficiency, per cent. . 

Power factor . , . . ! 


400. 

300. 

200. 

180. 

100 

75 

50 

1 B2'6 

850 

148 

44 

i 12 

201 

110 

88 

1 9 

282 

100 

88 

63 

02*5 

08*8 

89*8 

i 17*0 

0*77 

0*08 

0-4 

i 0*2 

1 

204 

IH2 

' 40 


8‘J’O 

84-0 

71*0 

, , , 

0-74 

0*52 

0*28 

— 

290 

140 

45 

iO 

HH4) 

7H-G 

72*8 

44*8 

0*95 

0*08 

0*60 

0*33 

320 

HH 

00 

36 

80*0 

74-2 

65*0 

26*6 

Adjusfeabki to 1*0 or leading 

value. 


absorbed by the fan varies with the cxiho of its speed so that at low 
speeds the motor is running at low H.l>. as woll. a’he drives 
compared are: (1) Wound rotor induction motor witli variable 
rotor resistance. (2) Pole-changing squirrol-eage induction motor. 
1 u ^ A.C. comnmtator motor, clian^in^ from star to 
delta connection in the stator at high speeds. (4) D.C. motor with 


“Based on data given by B. W. Ohadboume, Coal Age, Vol. 

nomally running at 400 

200 000 cu. ft. of air per min. against 4-in. water gauge. 
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variable-voltage supply from a motor-generator set driven by an 
A.C. synchronous motor. 

A variable-speed transmission of the hydraulic type can often 
be used to advantage where continuous variation of speed is 
required over a very wide range. Any desired speed, from crawl-- 
ing up to full speed forward or reverse, can be obtained; the 
mechanical etBciency is high (about 90 %) ; and the method often 
permits a squirrel-cage motor to be u.sed with line voltage or star- 
delta starting. 

727. Cascade Control. — Cascade combinations of two induction 
motors are mainly restricted to high-power applications, such as 
colliery winding, haulage, fans, and traction service. The simplest 



jFig. 358. — Illustrating cascade control of induction motors. 


arrangement .shown diagraminatically in Fig. 358. Two motors, 
with pu P 2 of poles respectively, are coupled mechanically, 

and the stator of the second machine is fed from the rotor of the 
first. The synchronous speed of machine A when running alone 
on the main supply frequency / cycles/sec. is 60f j pi r.p.m. 
Suppose that its slip frequency is s cycles/sec. when the two motors 
are running in cascade ; * the speed of the motor A will then he 
60(/ r- s)/pi r.p.in. The motor B is supplied at frequency 
s cycles/sec. and, neglecting its slip, which will he 'only a few per 
cent, when the resistance R is cut ’ out of circuit, the speed of 
B will he 60 s/^ 2 But A and B must run at the same 

speed, as they are mechanically coupled, hence 60(/ - s) / pi 


* The percentage slip of the motor A will then be 100 s j f 

VOI*. in. 226 16 
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=* 608/7)2- SoMng this equation w<‘, hav(^ ,s* \t)h2/(p^ 
hence the flpeed of i? (== 608 /^?2) + ‘P2) I'.p.m. and 

this is also the speed of A. The motor B may he used alone, its 
speed being then 60//j>2 r.p.m., Imt, if this is to hi) done, the 
stator of B (and therefore the rotor of A) uuist ht^ wound for the 
main supply voltage. Finally, if B he conm^eded so that it tends 
to run in the opposite direction to A , w(^ Iiavt*. 

()0(/ - 8)//>i r. ^ (>08/ />2, 

whence the sp)eed of the coinhination - = hd// (/>2 Pi) I'.p.ni. 
If, as is us\aal, the nuniber of poles in B is fewt'.r than in ^1,7)218 
less than 2 h negative n])oo< 1 is ohtaiiu^d, lj\ tho set runs in 

the opposite direction from tliat in which the. motor A runs when 
used alone. This can be coxTcctcM I hy ruv(‘.rsing th<', phase sequence 
of the supply to as well as the phase. s(».qncnc('. of the cascade 
connection between A and B. 

It will be seen tliat the speed of the direct cascuide combination 
depends only oh the sum of the numbers of poh^s in the two machines, 
regardless of how this sum is made up; whereas a differentially 
cascaded combination gives the same speed as long as the dijference 
between the numbers of poles is constant. '’IIujho points are illus- 
trated by Table 135 . 

Table 135 . — Tyjyieal Cascade Comhindf/ions. 


{All speeds in this table relate to main supply ai 60 cycles/ sec,) 



No. of Poles in 

Motor A 


Spoo<l of UaHoacie Com- 


» 


Motor B 






Used 

Used 




Motor A 

Motor B 

2^12)- 

Alone. 

H.P.M, 

Alone, 

H.P.M. 

Direct 

OiiHtuule. 

H.P.M. 

DifTerential 

Cascade. 

K.P.M. 

(Pl +Pl) 
constaat 

10 

2 

COO 

3 000 

500 

760 

8 

4 

760 

1 500 

600 

1600 

6 

6 

1 000 

1 000 

500 

— 

(Pl - i> 2 ) 
constant 

10 

8 

6 

4 

600 

760 

1 000 

1 600 

376 

600 

1 600 
1600 

C 

2 

i 

1000 

3 000 

750 

1600 


Two similar induction motors used in direct cascade connection 
run at half the speed of either machine uHe<l alone. The total 
torque developed by the combination ia practically double that of 
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either motor used alone, hence the H.P. of the set equals that of 
a single motor at full speed. 

If the second motor be belted or geared to the first, so as to 
run at n times the speed of the latter, the speed of machine A, 
with direct cascading, is 60// + np,^) r.p.m. while that of 
machine R is times as great. 

The fact that the magnetising current for onachine B has to he 
supplied through machine A causes the P.F. of a cascade set to 
be low, say 0'5--0'7 compared with 0‘8-0-9 for the individual 
machines. On the other hand, the P.F. of a cascade set may he 
higher than that of a single machine for the same low speed as the 
cascade combination. In large cascade sets a phase advancer is 
commonly used in the rotor circuit of the second machine. 

Insertion of variable resistance in the rotor circuit of the 
second machine, so that the slip of machine B (Fig. 858) is no 
longer negligible, permits the speed of the set to be varied, hut the 
speed then varies with load and the rheostatic loss is serious, as in 
the case of an ordinary slip-ring motor. 

Many elaborations of the simple cascade combination have been 
evolved, particularly by arranging to change the numbers of poles 
in the individual machines so as to obtain additional speeds. Also, 
single multi-speed motors have been developed with special wind- 
ings operating on the cascade principle.'^ 

728. Variable-Speed Sets : Induction Motor with Auxiliary 
Machine. — These sets are applicable to, and generally restricted 
to high-power duties such as the driving of rolling mills, high- 
power pumps, fans, hoists, etc. Tor low and medium powers, A.C. 
commutator motors are generally more convenient and economical. 
The variable-speed induction motor set, however, can be used in 
sizes up to the maximum for which the induction motor itself can 
be built ; the capital cost is relatively low and the efficiency rela- 
tively high because the auxiliary machine or machines deal only 
with the ' slip energy,' i.e, with the energy corresponding to the 
E.M.T. and current produced by the slip of the rotor of the main 
motor. As compared with cascade combinations of induction 
motors, variable-speed sets offer the important advantage of con- 
tinuous speed control. 


■*I’or further particulars of these see L. J. Hunt, Jour, LE.E., Yol. 52, p. 406, 
and F. Greedy, ibid., Vol. 61, p. S09. 
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If the frequency of the main supply and the utimber of poles in 
the main induction motor be fixed, the onl^^ method of varying the 
speed of the latter is by chan^in^^ its slip. 'iPhe object of the 
‘variable-speed set’ is to vary tlio sli]) of the main motor and 
apply the slip enorg^y to some usohd purpose instead of eaxising it 
to he dissipated as heat, as is the case wlam the Hli]> is varied hy 
means of ohmic resistance in the rotor circxiit. In sonic systems 
the auxiliary machine is also used to improvi^. tln^ P. R. of the main 
motor by supplying a suitable magnetising curretit to the rotor oi 
the latter. The main motor must bo of tluj wound-rotor (slip-ring) 
type. 

Either of two main priuciiiles may be, enqiloye.d: (I) The slip 
energy may be converted to ineclianical mmrgy by tlu^ auxiliary 
machine. If this energy be addijd to tln^ shaft of the main motor, ^ 
the horse-power of the combination remains ]>ractieally constant, 
the H.P. of the auxiliary macliine increasing as that of the main 
motor decreases. The total toripui is, therefore, greater as the 
speed is reduced. (2) The slip oiu^rgy may lie converted to 
electrical energy at line voltage and freipumoy and r(^turned to the 
supply system. The main motor alone then drives th(», load; the 
torque is constant and the H.P., theroforc*!, <l(K',roases with the 
speed. This arrangement has the advantage that the auxiliary 
motor may be a high-speed machine itistead of having to operate 
at the speed of the main motor, whudi is often very low ; on the 
other hand, an extra auxiliairy machine and an extra conversion of 
slip energy are generally involved. 

Either of the two purposes — constant H.P. or constant torque 
driving — may be effected by using as the auxiliary part of the set 
a polyphase commutator motor (Scherbius systeTu) ; a rotary con- 
vertor (Kramer system) ; or<a frequency-changer. An exception- 
ally clear diagrammatic representation of the throe main methods 
available under each principle of operation is given in Bdg. 359, t 
In each case only one conductor is shown for each circuit. The 
following notes amplify the brief explanations given above. 

*rt may be more convenient in practice to utilise the mechanical output of the 
auxiliary machine to drive some other than the main load a later stand of 
rolls in a continuous rolling mill). The main motor then opemteB at constant 
torque, as in case (2), but the sum of the horse-powers of the main and auxiliary 
motors remains constant, neglecting conversion losses. 

fFrom ‘Developments iu Electric Drives for Rolling Mills,’ by D A. 
Dmanshy, Jotir. Amer. T.E,E,, 7oL A6, p. 885. 
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Scherbins System . — An tiuxiliary ])()lypluiH(^ coiuiinitator motor 
R is either mounted on tlic main driviiijn' shat'i so as to add its 
mechanical output to that of tlui main motor (A)), giving 

a conatant"H.P. drive; or R drive.s an imluctiou ^generator K 
which feeds electrical energy back to the main supply system (pig. 
359 (B)), a eonstant-tonpie <lrive! Ixdng now obtained on the main 
motor shaft. The sluint-wuuud machine R is t‘,x(ute(l from the 
slip-rings of tlie main motor and, hy vaa*yuig its (^x<*.itation, the slip 
of the main motor can be adjusted. Hpi^^ds above or below 
synchroiiisin are obtainable, but when tlu^ stdi is running above 
synchronism the direction ol flow ol the. sli]) (UUTgy (dotted arrows) 
is reversed; the mad line then absorbs some of the power de- 
veloped by ilf in Bdg. 359 (A), and <lraws ])ower from the main 
supply in Fig. 359 (B). By providing comptmsating windings on 
the motor jR, the P.F. of the main motor can Ih^ n^gulated. Prom 
40 to 50 7o variation is couuuonly obtained ])y this system 
If the speed of the main motor is very low, it is tHiouomical to use 
the constant-torqiio arrangement, tlie combination UK (Eig. 359 (B)) 
being then a high-speed set. 

Kramer System . — The slip energy is convorh^l to D.C. by a 
rotary converter G and tlie variabhb- voltage D.Cb power obtained 
is fed to a motor D which is cither on the main driving shaft (Fig. 
359 (0)), or which drives an indnetion generator, rt^stoi-ing energy 
to the main A.C. supply system (Fig. 359 (D)). In either case the 
speed of M is controlled by varying tlui excitation of /), and speeds 
above or below synchronism can l)e olitahuHl, the flow of slip 
energy being reversed, as before, when liyptu'-synchronous speeds 
are obtained. The P.F. of the main motor can be improved (up 
to about 0’9) by increasing tlie excitation of the (ionverter G, 
Automatic decrease in speed with increasing load is obtained by 
compounding the motor D. It will be seen tliat this system re- 
quires one more auxiliary machine than the Bcherhius system; 
also, the operation of the rotary converter is not stable at very low 
frequencies of the slip current, lienee this systmii is generally 
restricted to speeds at least 10 7o above or below synclironism. 

Frequency-ehanger System . — In Ifig. 359 (B) tlui frequency- 
changer F, driven by a small synchronous motor A (fed from the 
main supply), transfers the slip energy to a synchronouB motor S 
on the main driving shaft. Regulating the excitation of S changes 
the speed of the main motor, while regulating the excitation of A 
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varies the P.F. of the main motor. InKg. 359 (F) the frequeney- 
changer is on the main driving shaft and its output, converted to 
the frequency of the main supply, is returned to the mains through 
the regulating transformer T\ this arrangement eliminates the 
two synchronous motors used in Pig. 359 (E). Speed regulation 
is obtained by means of a variable auto-transformer between if and 
F. Speeds above or below synchronism can be obtained, the flow 
of slip energy being reversed, as in the preceding systems, when 
hyper-synchronous speeds are reached. 



Fia. 360.- -Speed regulation of induction motor by means of brush-shifting frequency- 

changer. 

Fig. 360 illustrates the use of a hrush-shifting frequency- 
changer to control the speed of a slip-ring induction motor. The 
main-rotor phases are connected separately through slip-rings to 
corresponding brushes in the two sets a, 6 of a frequency-changer 
of the type described in § 687 (Fig. 280). By varying the angle 
between the two sets of brushes, the E.M.P. applied to the rotor 
can be adjusted and speeds above or below synchronism can be 
obtained at will. The action of the frequency-changer is such that 
the supply frequency is always changed to the frequency of the 
slip current in the main rotor. P.F. correction can be obtained 
by phase displacement of the whole set' of brushes a, £. 

In all the above systems, the main motor is started by series 
resistance in the rotor circuit (like an ordinary slip-ring motor), 
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a cliaiige-over .switch traiisferriiif^ the Icails IVoiu the slm. • 
bruHh6.s Irpiu the starting resistaucd to the. (uixilinry uiachine 
starting has been completed. ' 

■Whenever po.ssible, the total rangti of spotMl lasgulation desired 
should be equally divided ahiyne and hehm .n/zicltroni-Nm. Laro . 
and more costly auxiliary maehiiuss arc rc(|uir(id to give 20‘’l 
speed variation below or above synchronism, than to give io»/ 
variatmn below and above synehroiuHiu, tlu^ total range of Nueed 
variation being the .same in both caseK. ^ 

Generally, the effect of the auxiliary sjKied-ix^gulating niachuie 
or set is to give the main induction motor the siased characteristics 
of a variable-speed D.C. slmnt-wound mot<jr, 'i.e. any desired speed 
within the range of regulation, is maintaimsl lauirly (constant at 



Pio. SGl._Variable-speed sot; induction motor witl. awios generator. 


£tll loads. If desired, however, automatic (iomixiundim^ can be 

“Tf ofiT *'?* ^‘^ 7 /'fcage can be taken of llywhecl storage. 

-tig. 361 .shows the use of a sorios-wound A.(l. c.oimnutator 
to control the epeod and P.F. of .tn induction motor The 

(X 2re TeSv «■» “■■..B.liv,, induct.^." 

Tii5 ■' ’ bald coils in series with its brushes 

The mam motor is started (and, if necessary, run) as an oSarv 

a STS thf X ^ are beyond the position 

dm stlrt ^ f short-circuited so that, when 

the starter s passes from the end of the resistance to h the series 

tim ITc^hltL resistances r; ihis ensures 

fim ralr"'.! '' ne«e«sary to safeguard the series geriator 
iirup^“ ^--1^ -ofor being 

The E.M.P. generated in A is produced by the resultant of the 
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field due to the series field coils and the field due to the armature 
winding, both these fields rotating at a speed proportional to the 
frequency of slip in the main rotor. In addition there is an E.M.P. 
induced in the field coils by the resultant field of the armature. 
By shifting the brushes the E.M.F. at the terminals of the series 
generator, i,e, the E.M.F. applied to the main rotor, can be varied 
in magnitude and phase, thus giving speed control above and below 
synchronism and P.F. correction at all loads. 



Pig. 362. — Speed control of induction motor by means of a variable-speed D.O. motor 
driving the stator of the A.C. machine. 

729. Variable-Speed Sets : Induction Motor with Driven 
Stator. — Fig. 362 shows the essential features of a method for 
controlling the speed of an A.O. induction motor hy means of 
a D.C. auxiliary motor and a motor-generator regulator set."*^ 
The rotor of the A.O. induction motor is supplied from the A.C. 
mains; and the stator, which is also mounted on bearings, is 
rotated in either direction at will by a multiple rope drive from 


*** This method was described by A. M. Rossman before the American Institute 
of Bleotrioal Engineers, se^ Jour, ^November, 1930, p- 930; also Power 

Engineer^ January, 1931, p. 33, whence Pig. 362 is reproduced. 
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the D.C. luotor in the 'drive unit.’ This D.C. luetor in a variable^ 
speed machine Biipplied i‘rom tlut motor-generator set which 
operates on the War<l- Leonard principU^ 7U)). The speed of 
the indnetioii motor rotor with regard to its stator is constant, 
except for the small increase in slip with increasing load, but the 
speed of the stator can bo varied continuotisly from a inaximnm 
in one dmection to an e(pial value in the other dir(‘ction by means 
of the auxiliary D.Ch motor. Idle actual vspeu^d of the A.C. rotor, 
and of the load coupled thereto, is tlius variable continuously over 
a wide range above and below synchronism. In typical cases, the 
capacity of the D.C. part of tlic dnv(i unit raugi^s from 8'4 of 
the whole with a speed range from inaxinnmi to <S() to 7^ 
with a speed range from inaxintium to 10 7 ,^. llxere are IoSkSos 
in the motor-generator set and in the, auxiliary D.C. motor, 
but no I'heostatic losses. In a certain cas(% with a speed range 
from 708 to 282 r.p.m. at the load, th<^ overall oHiciency was 
78’8 7o minimum, 88*() '7^, at mi<l<lle, and HH-4 ‘7,, at maxi- 
mum speed. This method of control is particularly useful in 
connection with induction motors driving hoibu* fans and feed 
pumps. It is equally applicable to indmdion and to synchronous 
motors. 

730. Control of Single-Phase Induction Motors.— -The 
single-phase induction motor has no starting tortiue as long as it 
is a purely single-phase machine (see Ifig. t‘h)6). Eingle-phase in- 
duction motors of fractional H.P. (say J H.T. or hiss) can bo started 
by giving them a spin with the tingers, after whicdi they will pick 
up speed on light load. Larger machines can be started in similar 
manner by means of a pony motor but, to make a single-phase 
induction motor self -star ting, it must be converttMl temporarily 
into a polyphase machine, so that a more or less symmetrical ro- 
tating field is produced during the starting periotl. This may be 
effected by : (a) pole-shading or other inductive device ; (6) phase- 
splitting ; (c) monocyclic device. 

(a) Pole-Shading^ etc . — In this method, a part of each stator 
pole is encircled by a copper ring or a few turns of heavy wire. 
The current induced in this circuit by transformer action causes 
the fiux to lag in the part of the pole concerned. A resultant ro- 
tating field is established and the machine is self-starting, hut with 
very small torque ; also there are circulating currents and there- 
fore losses in the shading rings during the whole time the motor 
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is running. For these reasons, the method is practically restricted 
to small fan motors and other motors of fractional H.P. 

The same principle may be applied, with better results, by 
using a second distributed winding on the stator, as an ' accelerat- 
ing coil.’ This is short-circuited directly or through suitable im- 
pedance during the starting period, and thereafter open -circuited 
so that there may be no loss in it during normal running. 

(b) Phase-Splitting . — By passing single-phase current through 
two circuits in parallel, and introducing extra inductance or capacity 
into o^e branch, there is obtainable a difference of phase between 
the currents in the two branches. This method of providing a form 
of 2-phase current may be applied to the provision of a rotating 



field in single-phase motors on starting, by the means indicated 
in Fig. 363. This diagram represents the stator and starter of 
a single-phase motor, the rotor being omitted. There are two 
stator windings, and, with the double-pole vswitch in its starting 
position, there is a non-inductive resistance (N.I.R.) in series with 
one winding and a choker in series with the other. Both resist- 
ance and choker reduce the current rush on starting and produce 
sufficient phase displacement between the currents in the two 
stator sections to yield a rotating flux and considerable starting 
torque. When the machine is up to speed, the switch is moved on 
to its running contacts, placing the running winding straight 
across the mains and disconnecting the starting winding altogether. 
To reverse rotation, the connections of either the starting or the 
running winding (but not both) are reversed ; the same result may 
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bo obtained by tvaiLspoaiug tlu* cliokiiijj coil and ilu'. uon-iuducti 
resistance, lu vwy .small iiiotor.s the n^i.stauee i.s sometimes 
dispensed with, but one must 1>(‘. obtaimsd and fitted if thj] 
luetliod of rever.sal. i.s to bo used ; othorwi.se tluj starting; eoil mmht 
burn out. ® ' 

Higher starting torquo may 1» obtained, Imt at lower cllieimmy with . 
currant demand for given torquo), by ruiiniuK the wliolo stator wii'iding’pormanent ! 
m aeries across the mains and conuocting a clioking coil ami a non-inductive resist 
B^ncse m paralM with its two sootioiw wliilst Htarting. Siilisoquoutl.v, tlie shunt 
circuit is opened and tha wholo stator winding roinaiiis ojutrativo. ' Yet hiehat 
starting torque is obtainable by pmvidiiig a special staiiiiiig winding in the atatot 
this winding being arranged so as to b, l.igl.ly inductive. 'I’lie two windings are in 
paraUel at drst, and, tho starting flux being entirely additional to the main flux 
a powerful starting torque is obtained. Under running conditions the aurilian 
stator winding is out of eireuit and then ropresonts so muc.ti idle (lopiier. 



Pia. 3f>4.— Typical monocyclic arrangoinonts for starting iuduc.tiou motors ou 
siiiglo-phaHo Hiipply. 


By the ordinary method of pliano-, splitting it ia possible to 
obtain up to about i full-load tonpie from a .squin-ol-cmge (or about 
i full-load torque froui a slip-ring) siugb-phase motor, with twice 
full-load current. If it is permissible for tlio starting current to 
be 5 or 6 times the full-load value, about full-load tonpic can be 

developed at starting in small niotors with a high-resistance .start- 
ing winding. 

88 S»'’5IqT phase-splitting motors is given in 


(c) Monocyokc Devices. —Ordui&ry polyphase induction motors 

are used and the .single-phase supply is converted to a polyphase 

ys em o . . .a by means of an inductance and ohmic resist- 
ance connected across tho mains. Typical arrangements are 
shown in Pig. 364, the motor M being connected between the 
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mains and the common point of L and B ; or between one main 
and the outer terminals of L and B. {See also Fig. 285, § 689.) 

Another method of running a standard S-phase motor from 
a single-phase supply is shown in Fig. 365. Two terminals of 
a 3-phas0 ‘ pilot ’ motor are connected to the single-phase mains, and 
this machine is started by a monocyclic device (see above). Once 
the pilot motor is up to speed, there is available in its idle phase, 0, 
an E.M.F. in quadrature with the single- 
phase supply E.M.F. If, therefore, the 
main motor be connected to the supply 
mains and the terminal 0 of the pilot 
motor, either directly or by star-delta 
switching, the main machine is self- 
starting. 

The following data are quoted by G. Windred * 
concerning this, the T’erraris-Arno method of opera- 
tion ; Using a 5 H.P., 3-phase squirrol-oage machine 
as pilot motor, the starting torque of a 35 H.P. 
squirrel-cage motor with star delta switching was 
26 ®/o of full-load torque, the current taken from the 
mains being slightly greater than full-load current, 
and the current from the pilot motor being half this 
value. 

This method is claimed to have given 
satisfactory results in traction and heavy 
crane service. The starting performance is better than that ob- 
tainable by the ' phase-splitting ’ system but inferior to that of 
a 8-phase motor on 3-phaae supply. This fact and the fact that 
a pilot motor is required must be balanced against the simplicity of 
single-phase compared with 8-phase distribution. 

An indirect method of starting a single-phase induction motor 
requires the provision of a special commutating winding on the 
rotor. The machine is started as a series or repulsion motor, with 
very high starting torque ; and, when it reaches about half full- 
speed, a centrifugal device lifts the brushes and short-circuits the 
commutator, thus converting the rotor to a squirrel cage winding. 

In principle, the speed of single-phase induction motors can be 
varied the same methods as those employed for polyphase 
machines (§ 725). Apart from the PB losses involved, however, 
the use of rotor resistance to reduce the speed of a single-phase 





!Fig. 365. — Single -phase 
operation of 3 -phase induc- 
tion. motor by means of a 
pilot motor (stator circuits 
only shown). 


‘^El. Bev., 7ol. 100, p. 874. 
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induction motor is open to the objoction that it reduces tt 
maximum or pull-out torque of the niachino. A tso, the increase 
starting torque, due to higher rotor roHistantu^, is r<ilatively low 
single-phase induction motors and the toniue at all sjxteds withT 
the range of noriual o})eration is much reduced. * 


As Eotod m § 680, the pulsating liold of iv siugl<i.plia,s« induel, i<,n motor m.a i 
regarded as being the resultant o{ two fields rotating in opposite directions at s i 
speed, each field having a constant value equal to half the iiiaximuni valnaof e,* 
sicgle-pbaso field. Tho torque due to one of tlu«o rotating fu-lds is roprosontefl k! 
the curve a, Fig. 366 (as in a 8-phaso motor, seo Fig. a7(), g I!H1). Tho other rotath! 
field produces a reverse torque roproHontod by the continuation C/J of the nmr® 
At standstill, tho slip of tho rotor is 100% with mgard to both tho compraeM 



Fig. 866.— Torque-speed curves of single-phase induction motor. 


fmnrZntcS ^ 1 reverse torques are tluimforo equal and opposite 

(represented by the point 0 m Fig. 366) and tho not torque is seto. This shows 
that an mduotion motor with a single-phase field has no inherent starting torque- 
the opponent fields must be unbalanced before tho motor will start * ^ ’ 

retovTso*/ “■y’ l'<‘W-syn«l*«>nous speed tho slip of the 

oorresnondina forward-rotating component of tho field and the 

thrretofsHn is lT=/ r ‘’y ‘ho ‘to®, however, 

field which therefore ^ h regard to the backward-rotating component of the 

frem xJ w! hf represented by ML. Subtracting 

mij 11 om we obtain the net forward torque KQ» 

If theeurveCD be reversed into the position CK, the ordinate KG, equal to 


be sein bvlddtnVf' rotorraistanoe on the torque-speed oharactoristios may 

X lee rehte r “ ^*6- ^66 from Fig. 276. The particular curves in 

pronouL^d a: hl^vaW -®-‘'‘“®®- ^he effects of the latteraremom 
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the intercept JSF, represents the net forward torque and, by repeating this con- 
struction, the curve A is derived from the forward and reverse torque curves a, a\ 

Similarly, if the rotor resistance be doubled, the net torque curve B is derived 
from b, V ; and so on. Comparison of the curves A, B, etc., shows the effect of 
increasing rotor resistance on the characteristics of the motor. 

The inherent limitations of single-phase induction motors have 
been largely overcome by various means (§§ 689-692), and the 
applications of these machines are steadily increasing, particularly 
in the smaller sizes. 

73X. Starting: and Controlling Synchronous-Asynchronous 
Motors. — Though the secondary circuits (usually on the rotor) of 
synchronous-asynchronous motors vary in diflerent makes, all 
these machines are essentially slip-ring induction motors with 
phase-wound secondaries which are excited by D.C. when the 
motor is up to speed (§ 696). The motor is therefore started with 
resistance in the rotor circuit (§ 724) and develops, at full voltage, 
a starting torque equal to 2 to 2-^ times full-load torque with from 
2^ to 4 times full-load current. The external resistance in the 
rotor (secondary) circuit is removed progressively and the motor 
accelerates to its full induction speed (from 2 to 5 7o below the 
synchronous speed). D.C. excitation is then applied to the 
secondary windings and the motor pulls into synchronism, against 
any torque up to about times full-load torque. No speed- 
control is possible, except by pole-changing or by varying the 
supply frequency, but the P.F. of the motor and its pull-out torque 
may be varied by regulating the value of the D.C. field current. 
The motor will generally pull out of synchronism at about If times 
full-load torque if it is excited for 0*9 leading P.F. at full-load, and 
at twice full-load torque if it is excited for ()*8 leading P.F. The 
motor is usually designed so that it will run, at least temporarily, 
as an induction motor at loads exceeding the synchronous pull-out 
torque but not exceeding the stalling torque, which is equal to 
2|- to 3 times full-load torque. 

The starting and running connections of a separately-excited 
synchronous-induction motor are shown in Fig. 293, § 696 ; and 
those of a self -excited (Fynn-Weichsel) motor are shown in Fig. 
295, § 697, where also the distinctive starting characteristics of the 
latter type of motor are explained. 

732. Control of Single- Phase Series Motors. — The single- 
phase series motor (§ 700) can be switched straight on to the mains 
where small fan motors or the like are concerned. Larger motors 
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limy be started by the aiiplication of roducod voltaic usitu? 
auto-transformer,* as in Fig. 367. A limitinio coil, L, is thenT *1 
to avoid eitlier breaking tlie circuit oi- Hhort-cireniting turns of tl 
auto-transfonuor wlien going from one contact to tlio next ; 

§ 396. Vol. 2). Fig. 36S shows diagrainniaticHlly the use of*** 
double-wound transform ei', T, witli variable tappings on the ] * 
voltage side for starting and .spc<d <-,ontr(>l, and a reversing sJh 
R. Here again, limiting coils L are employed and the aeouen 
of control is: close /; close ;ll,opon 7; elo.se, 3, open and so on 
It desired, an auxiliary switch can bo ti.sed to short-circuit the coH 
L, in series -with ilf, excejit when changing from one contact to 
another; this involves o.x-tra complication hut it eliminates the W 
which otherwise occiir.s in the coil L during normal running. 



Fig. B67. — Starting singlo-phano scrioia 
motor by auto-transformor. 


Fig. -Ciontrol of Ringlo-phase series 
motor on high voltage supply, 


The arrangement shown in Fig. 368 obviously provides only 
tor step-by-step control of speed, but by placing an induction 
regulator (§ 406, Vol. 2) in series with if, this regulator having 
a range of ± volts, continuous gradation can be obtained between 
transiormer tappings 2v volts apart. 

The starting torque of the l-pbaso sorioH motor is high and the 
starting current relatively low, but the P.F. is low at starting. 

If the motor is driven by an ‘overtaking’ load, e.g. a crane 
load being lowered, it can be operated as a generator to effect 
electro-dynamic braking. 


theuaeof a transformer is nmoh more 
ia eliminates PR losses. Also, where high-volta«e supply 

tapping“or stertog ^normal running and is easily provided with 
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733* Control of Repulsion Motors. — The method of starting, 
reversing and controlling the speed of the simplest type of single- 
phase repulsion motor, by brush displacement from the neutral 
axis, is explained in § 701. Alternatively, the motor can be 
started by a graded series resistance (like a D.C. motor) or by an 
auto-transformer with suitable tapping-s, the motor brushes then 
being fixed in the normal running position. Reversal is then 
efiected by reversing one of the stator windings in the Atkin- 
son-type motor (Fig. 302, § 701); where a single stator winding 
is used (Fig. 303), the brush setting must be changed for reversal 
of rotation. Two stator windings of the type represented by 
Fig. 303 may be arranged symmetrically with regard to a fixed 
brush axis to provide for rotation in either direction ; one of the 



Fig. 369. — Torque-speed curves for single-phase repulsion motor with various values 
of brush displacement. 

windings is used for forward and the other for reverse rotation, 
hence one is necessarily idle. 

Typical curves showing the relation between torque and speed 
in a single-phase repulsion motor for various values of brush dis- 
placement are given in Fig. 369. Adjustment of speed by brush 
setting is easier in the Deri motor (§ 702) than in the ordinary 
repulsion motor with a single set of brushes. 

Normally, speed control by brush shifting is only used in 
repulsion motors within a range from about 0*3 to IT times 
synchronous speed. Where wider speed control or prolonged 
running at low speed is desired, the use of a variable tapping 
transformer should be considered. 

Care should be taken that a repulsion motor is not left 
connected to the supply (except temporarily) with its brushes on 
YOL. III. 241 
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the neutral axin ; under mucIi comlitiouH, the .stator takes a W 
current at low -power Faetoi-, say m to 45 '■'/ full-load curi-Pnf^ 
OTtoO-2P.F. 

734- Control of Single-Phase Shunt-Type Commutator 
Motor.— Mac]une.s of this type (§ 706) are usually started as 
repulsion motors. For example, with tlu‘ coninictioiis shown in 
Fig. 370, the motor will .start as a eompensatiid repulsion motor 
(e/. Fig. 306, § 703). Subsequently', tln^ hruslies EU are connected 
through the resistance R, whiclr Is gradually shoi-t-cdreuited- the 
motor tlien operates as a shunt-type motor (<•/ Fig. 314, § 706) 
Speed control above and below Hyncbronism ^inay bo obtained 
by means of a variable auto-transfonner eonmseted between the 
main brushes BE, Fig. .371. Alternatively, a variable- inductance 



Pig. 370.— Single-phasG shunt-type 
motoT started as repulsion motor, 



Fin. .371. —Ktieod coutraj of single-phaae 
shunt-type motor, 


or a variable-tapping auxiliary coil on tlu^ stator may be connected 
between tlie brushes EE, the .speed being Icjwi'rtMl or raised accord- 
ing as the excitation is increased or decreased. 

The starting and running connections of a Keigldey Cralft 
smgle-pha.se shunt-type two-speed motor as used for lift service are 
shown in Fig. 372.* 

The connections for single-speed opei-atiou are shown diagram- 
matmally at Fig. 372 (a) ; the connection EE' is closed after the 
rnachme has accelerated to synchronism. The speed can be raised 
above synchronism by injecting between EB' a small E.M.F. derived 
^rom a translormer which also supplies the (juadrature component 
tor Ft. correction. By reversing the injected E.M.F., the speed 
can be reduced below synehroniBixi. 


""From ‘High Speed Lilts on 
EL. Bev., Yol. 104, p. 53. 


Single-Phase Supply,’ by B. E. Hopldns, 
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lu a certain case the motor for a two-speed 200/100 ft. per min., 15 cwt. lift 
was rated at 440 V, 40 1 ph., 800 r.p.m. synchronous speed. The running 

speed was raised to 1 000 r.p.m. by the connections shown in Fig. 372 (b) ; and th e 
speed was reduced to 500 r.p.m., for landing control, by reversing the injected 
E.M.F. as at (c), the brushes E, M' being connected to B, B' respectively in order to 
maintain correct compensation and a fiat speed- load curve. 

For reverse running, the starting connections are as at (a), but with the auxiliary 
winding reversed ; the maximum-speed running connections are as at (6), but with 
the auxiliary winding and transformer primary reversed ; and the half -speed con- 
nections are at (c), but with the auxiliary winding reversed, the transformer 
primary reversed, and the brushes JS7, E' connected to B respectively. 

The control board for reversible two-speed operation contains nine contactors. 
An interesting feature is that the heavy current between the brushes BB' is not 
handled by a contactor ; the latter is in the primary circuit of the transformer 
where the current is only about one-tenth of that between the brushes. 


I y^uxtJiaru Windf'n^ 


Closed _ 
after JE 

Acce/er" 

JB 



(jOC) starting 



\ AuxiUa.ru W/ndinf 



‘----nnrcOT — ' 

Transformer 
(c) Half- speed 


Fio. 372. — Two-speed single-phase shunt-type motor. 


The efficiency of the particular machine mentioned in the pre- 
ceding- example was 84^ % fulj-load and the P.F. was 0*91. The 
starting consumption was 44 kY A when developing four- times full- 
load torque, equivalent to 60 H.P. 

735- Control of Three-Phase Commutator Motors. — As 
explained in § 708 a three-phase series-type commutator motor 
can be started and controlled either by a variable-tapping trans- 
former or by brush-shifting, the latter being the usual and more 
economical arrangement, besides giving a continuous gradation of 
speed. The motor has a definite series-type load-speed curve for 
each brush setting, and the actual range of speeds varies with the 
design of the motor and its rotor transformer, and with the torque 
characteristics of the load. At constant full-load torque, the speed 
range is usually about 3 : 1 but, taking* into account the series 
characteristic of the machine, the motor may run at any speed 
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from zero up to about 1.1- tilings wynchroiKHus Hpeed oi,i loady of 
variable torque. RevorHal is olfoct(Ml by moviiinrthe bruHlxey to the 
other side oL' the short-circuit axis. For ^ood commutation the 
rotor and the rotating held of tlie st«itor should ruu in the same 
direction. The brush <liHplacem(mt from lunitral is then in the 
opposite direction to the rotor rotation. 

Where the torque of tlie loa<l deerenses rapidly with speed, as 
in the case of a centrihi^al fan or pun ij), it is rt^commended that 
the stator connections be chanpjed Irom doJta to star at, say, two- 
thirds of full- load speed, thus maiutainiuju^ hi^lua- P. F. and efficiency 

at the lower spetM Is than would result 
if the speed wert'i re<hico<l by brush 
<liHplaceiu(mt alone. 

In tlui case; of a Jhpliase shmt- 
Lype commutator motor (§ 709), speed 
C(,)utix)l is ol)taim^<I by varying the 
E.M,.F. a])pU(‘.<l to th(^ stHunidary. If 
the lattiu* is on ilw rotor then, with 
unapplied K.M.F. etpial and opposite 
to that induced hy the stator, the 
machine remains stationaiy. On re- 
<lucinpj the applixMl voltage the motor 
starts, aiul runs at liig^her speeds as 
the applied voltage is <k5<o’eaHed until, 
wlum the applit^l voltage is zero, the 
motor runs at synclironous speed (less slip). SptHK Is above synchron- 
ism are obtained by reversing the applied voltage % so that it aids the 
induced E.M.F. Wlien the machine is running below synchron- 
ism the energy of slip is retxirned to tlu^ mains, the reijuisite con- 
version of frequency being effected by tlui cu>mmutator. On the 
other hand, when the machine is running above synchronism 
supplementary energy is drawn from the mains to provide the 
energy of 'negative’ or ‘overtaking’ slip). Though the range of 
speed control is generally restricted to B ; 1, or to 5 : 1 hi specially 
wound machines, it is possible to obtain up to 10 : 1 speed range 
without rheostatic control by arranging for seritss-parallel switching 
of the stator windings, as shown in Fig. 873 , which represents one 
phase only of the stator wixidings in a rotor-fed motor of the type 
shown in Fig. 323 , § 709 . 

The simplicity cf the rotor-fed, 
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Fig. 373. — Series-parallol switch- 
ing of stator windings for incimHing 
speed range of B-ph. commutator 
motor. 


B-phaso shunt motor is 


an 
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important advantage. The machine is started, stopped and regu- 
lated in speed over a range of 3 or 4 to 1 by means of a brush- 
shifting lever or hand-wheel ; this, and a 3-pole switch and fuses, 
are the only apparatus required for control and protection. Com- 
paratively little extra equipment is needed to provide for inching 
speeds and a wider range of continuous regulation. 

736. Definitions of Types of Motor Starters, Controllers, 
and Field Rheostats. — The following definitions are substantially 
those given in the British Standard Specifications cited in the 
bibliography, § V45 ; hut the Specifications themselves should be 
consulted when the actual text is required. 

Motoi’ Starter, — A device arranged for starting and accelerating a motor to 
normal speed, bnt having no running position other than ‘ full on.’ The term, in- 
cludes : rheostatic starters ; auto-transformer starters ; and switch starters. 

Rheostatic Starter. — A resistance and a means for readily varying its amount. 
The term includes : face plate starters ; drum starters; multiple switch starters; 
contactor starters ; and liquid starters. 

Awto-Transfm vur {or Compensator) Starter (for 2- and S-phase A,C, motors ). — 
An auto-transformer and switch are so arranged that, when the switch is on the 
starting Gontact(s), a reduced voltage is applied to the motor. 

Switch Starter {for inductioii motors). — Switches provide for difierent couplings 
of the stator windings when in the starting and running positions respectively. 
.A series-parallel switch starter for a 2-phase induction motor connects all the stator 
windings of each phase in series for starting and in two equal circuits in parallel for 
running. A star-^lta switch starter for a 3-phase induction motor connects the 
stator windings in star for starting and in delta or mesh for running. 

Controller. — A device having several steps, contacts or positions (sometimes 
called notches), used with or without resistances to regulate the speed of a motor or 
motors. It may or may not be used for starting. The term ‘ controller ’ does not 
include the resistances or other means of control employed therewith. Simple 
sMcnt regulators are not included in this definition. 

Face Plate Starter {or Controller). — The contact parts are arranged on a plane 
surface. 

Drum Starter {or Controller). — The moving contact parts are arranged on a 
cylindrical surface. 

Multiple Sivitch Starter. — Each contact consists of a separate hand-operated 
switch. 

Multiple Switch Controller. — Separate hand-operated switches or circuit 
breakers are arranged to operate in a definite order to insert resistances or change 
connections to vary the speed of the motor. 

Change-Over Switch Controller. — A multi-contact switch is arranged to vary 
the circuit connections by the movement of one or more common blades or moving 
contacts. 

Contactor Starter {or Controller'). — The contacts for the main current are made 
by contactors^ Le. switches operated electromagnetically or electropneumatically 
and suitable for frequently opening and closing the circuit. 

Master {or Pilot) Controller. — A multi-way switch controlling the operation of 
a set of contactors. 
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Master Switch. — A single-way switch which may be used to control the 
operation of a contactor or set of contactors. 

Limit Sioitoh. — A switch for preventing over-travel, arranged to be mechari. 
cally operated by the motion of the machine driven. 

Liqt&id Starter. — A rheostatic starter omidoying a lirjuid rcHintanco material. 

Eiwlostire of Starters, Bosutanecs, Etc.—^he B.S. Spocifications cited above 
define forms of enolosiiro as follows ; open, enclosed ventilated, drip-proof, weather, 
proof (splash-proof), totally onclosod, oil-iminerHod, ami flameproof (including 
erplosion-proof). Those definitions are consistoiit with those for motor enclosures 
§ 670 . 

BheostaU — A resistor provided with moans for readily varying the amount of 
resistance in circuit. 

Field Bheostat. — A rheostat for vai-yixig, at will, the ennumt in the field winding 
of a machine. 

ShunUField Blieostat. — A field rheostat suitablo for connection in Korios with 
the shunt winding of a machine. 

Potentiometer~Tyx)e Field Bheo.siaL — A field rhnoBtat in which the resistor is 
suitable for connection acrosa the source of supply, inoans being provided for con* 
neoting the field winding between various pK>ints on tluv resistor to vary the P.D. 
applied to the field winding. Part of the resistor is then in parallel with the field 
winding and part in sorioa therewith. 

Reversible Potentiometer-Ti/pa Field Ithsastat. — A potcntioinotor-typo field 
rheostat arranged for reversing the polarity of a field winding. 

Field-Divertor Rheostat. — A rheostat suitahlo for t^onnoctiou in parallel with 
a field winding. 

Balancer-Field Rheostat. — The resistor is ponnanontly c.onnoc-tcd between the 
neutral terminals of the shunt-fiold windings of a balancer, and means are provided 
whereby the neutral can be connected to various points of tho resistor. 

Interloched Field Rheostat. — Moans are provided for ensuring full field strength 
when starting the motor. 

737. Rating of Starters, Controllers, and Rheostats.- 

The principal factorn whicli enter into the rating of any apparatus 
for the control of tnotorH ax'e tlie voltage of tlu^ circuit in which the 
apparatus is to he used; the length of time for which tlie apparatus 
is in circuit; the frequency of recurrenc<M)f thin period ; the current 
to be handled during the jieriod of service; nud the temperature 
rise permissible in the various parts of the apparatus. British 
standard ratings based on these factors ar(i Hp<icifi(Ml in the B.S.I 
publications cited in the bibliography, § 745 ; tlu^y vary consider- 
ably with the type of starter or controller concerned and the full 
specification for each should be studied. It is important to realise 
that any electric motor and its control gear are complementary, each 
to the other. Unless the type and rating of the starter and con- 
troller are adapted to the motor and the r6(|uireuuents of tlie driven 
load, the best possible results cannot be obtained from the motor. 
The manufacturer of motor control gear must be given full par- 
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fciculars of the motor, the driven machine, and any restrictions 
which may be imposed by the supply authority {e.g, maximum 
starting current, current increment, etc.), otherwise satisfaction 
cannot be guaranteed. Loads having a heavy ‘ flywheel etfect,’ i.e. 
high inertia, such as heavy lineshafts, punching and other machines 
with flywheels, absorb much energy during the period of accelera- 
tion ; the duration of the starting period is consequently prolonged 
and the starting resistances must, therefore, be designed more 
liberally in order to avoid excessive heating.^ The bases of design 
for different types and sizes of starters and controllers are given in 
the B. S. Specifications mentioned above. 

738. Constructional Features of Motor Control Gear.— 
There is an almost infinite variety of gear available for the control 
of D.C, and A.C. motors including starting straight-on or by regu- 
lated steps, with or without subsequent speed variation, with or 
without provision for reversal or dynamic braking, and so on. It 
is one of the great advantages of electric driving that almost any 
control requirements can be met by hand-operated or automatic 
gear, and this fact in itself makes it impossible here to describe all 
the combinations of methods and apparatus employed. In order, 
however, to indicate the principal features of the main types of 
motor control gear as made by a particular firm, the following notes 
have been prepared from information kindly supplied by Messrs. 
Brookhirat Switchgear Ltd. (Chester). The designs of different 
manufacturers vary considerably in details, but the range of gear 
described below is thoroughly representative of first-class practice. 
For convenience of reference, the notes are arranged under the 
following headings : — 

D.O. Gba.k. 

I {a) Faceplate starters : hand operated. 

(6) Drum-type inching starters : hand operated. 

(c) Multiple lever inching starters : hand operated. 

((i) Automatic control gear : solenoid and contactor types. 

A.C. Gbak. 

II (a) Straight-on starters ; ‘ contactor-break ’ ; hand operated. 

(b) Straight-on starters ; oil immersed ; hand operated. 

(c) Straight-on starters : contactor type ; automatic. 


* Valuable data concerning the friction torque and stored energy of various 
classes of machinery, together with a full consideration of the influence of these and 
allied factors on the design of motor starters are to be found in ‘Electric Motor 
Starters,’ J. Anderson, J(mr» ToL 60, p. 619. 
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III (a) Star -delta starters : ‘ oontactor-break ’ ; liand operated. 

(6) Star-delta starters : oil immersed ; hand operated. 

(c) Star-delta starters : automatic c^ontat^tor type. 

IV (a) Auto-transformer startons: oil iinraorHod ; hand operated. 

(6) Auto-transformor starters : automatic*, contactor type. 

V (a) Stator-rotor starters : ‘ contacjtor-broak ’ ; hand operated. 

(6) Stator-rotor starters : oil iminorsod; hand operated. 

(c) Stator rotor starters : automatic c;ontactor typo. 

VI Synchronous motor starters : oi 1 iiumorsesd ; hand operated. 

The introductory general noten below art^ followtul ])y .specittc notes 
on typical starters in each of the g^roups I to V,I. 

General. — A ll the Htarterw deHcribod art^ (uicIohimI in ironcaHea, 
usually for wall-mounting only in the Hinaller Himn and for either 
wall or pedestal mounting in the larger Usually, the door of 

the cane is so interlocked that it cannot ho (>p(auMl while -the switch- 
gear is live. In the case of D.O. and air-hreak A.O. apparatus, 
the gear cannot he made live while the door is o])en, hut it should 
be noted that oil-immersed gear can gentu-ally b(^ made live by 
closing the isolating switclx after the tank has ])een lowered, though 
the isolator must be opened before the tank can he lowere<l ; where 
this is possible, precautions should 1)0 taktm, r.cj, the isolating 
switch might be padlocked ‘ off'.’ ISrornmlly, tlu^ cas(^s are ventilated 
but the ventilating openings are protected hy drip-proof hoods ; if 
desired, the casing can be made dustproof. Windows arc commonly 
provided in the cases of air-break control gtuir, ax id tlu^y may be 
protected by wire guards. Provision is always made for mounting 
an ammeter on tlie casing, but this is usually an ‘extra.’ 

In no case can starters be left in an intermediate position; 
unless the starting operation is completed this gear returns 
automatically to ‘ off,’ or a fresh start is nia<le necessary. 

Protection of D.C. motors is usually secxired in the case of the 
smaller machines (up to about 10 H.P.) by no- volt and overload 
releases and fuses, and in the case of larger machines by a circuit 
breaker with no-volt and overload releases. Where speed regula- 
tion of D.C. machines is provided, the shunt field regulator is 
interlocked with the starter so that the motor cannot be* started 
without full excitation. 

In 3-phase gear two overload trips are sufficient unless the 
supply has an earthed neutral ; three trips are then required. If 
there are likely to be peak loads during normal running, the over- 
load trips should be fitted with time lags, or have inherent time- 
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delay action, as in the case of thermal type overload trips. A 
hand-resetting device is usnal on the overload trips of automatic 
gear to prevent the contactor from 'pumping’ when ' on ’ and ' off’ 
control (other than push buttons) is employed. Automatic solenoid- 
or contactor-type starters provide for control by start and stop 
push-buttons ; by start, inch and stop push buttons ; or by float, 
diaphragm or other automatic or manual master switch . 

I {a) D.O. Faceplate Starters : Hand Operated. 

The simplest type of non-inching faceplate sta7'ter is designed for use with 
separate switches and fitses. The starter can then contain only the starting resist- 
ance, the plain lever starting handle moving over a series of renewable copper 
contacts on the faceplate, a no-volt release (and if required) an overload trip which 
operates by opening the no-volt release circuit. The starting lever is returned 
automatically by a spring when the no-volt release operates. The lever carries a 
laminated brush contact in the larger si 2 es and a spring- controlled copper slipper 
contact in the smaller sizes. Final contacts, independent of the starting contacts, 
are fitted if required. A carbon roller wiper is fitted to the first contact only in 
small sizes, and to all contacts in larger sizes, to protect the copper contacts against 
damage by arcing. Press-button release is provided. Standard sizes range from 
J to 30 H.P. at 100 to 125 V ; J to 50 H.P. at 200 to 250 V ; and J to 60 H.P. at 400 to 
550 V. 

The simple type of faceplate starter described in the preceding paragraph has 
few, if any, applications except where suitable main switches and fuses are already 
installed. In other cases it is obviously advantageous to purchase a self-contained 
control unit with all the control gear in a single casing. 

A non-inching faceplate sta^'ter of this type, complete with main switch and fuses 
is shown in Fig. 374.’’' At the top of the panel is a faceplate starter with no-volt 
release. Below this is a shunt regulator, which is mechanically interlocked so that 
the starter arm cannot be moved unless the shunt regulator is in the ‘ full-field ’ 
position. Usually, this regulator provides for speed variation up to 50 °/o above 
normal, but standard designs are available for speed variation up to three times 
normal, and yet wider ranges can be provided if required. If no speed control is re- 
quired, the shunt regulator is omitted. Below the shunt regulator are two fuses with 
an overload trip between them ; the latter operates by opening the no-volt release 
circuit. Finally, in a separate compartment at the bottom of the case there is 
a quick-break main switch which serves also as an isolator. The outer door can only 
be opened when the main switch is ‘ off,’ and the latter cannot be closed until the 
inner and outer doors have been shut. Terminals are provided for a remote push- 
button release circuit. Standard sizes range from ^ to 5 H.P. at ICX) to 125 V ; 1 to 
10 H.P. at 200 to 250 V ; and 1 to 12 H.P. at 400 to 550 Y. 

I (b) D-d. Drum-Type ‘ Inching ’ Starters : Hand Operated. 

The special feature of the control gear shown in Fig. 375 is the special ratchet 
handle on the starter drum. Swinging this handle through 180 degrees in a vertical 


"“The illustrations, Figs. 374-382 inclusive, show typical control gear made by 
Messrs. Brookhirst Switchgear, Ltd., Chester, and are from blocks kindly supplied by 
that firm. 
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pla.Be through the axis of the drum closo>? a control Kwitch at the other end of the 
latter. This control switch is in the circuit of the main contactor and, once it has 
been closed, the drum can bo notched forward by moans of the ratchet handle until 
the ‘full on’ position is roaohod. If tho ratchet handle he released in any inter- 
mediate position, the control switch opens tho main contacdxn-, and tho latter cannot 
bo closed again until tbe drum has been voturned to ‘ofT.’ The drum cannot inad- 
vertently be ratcheted past tho ‘full on’ poHition, hub it. can bo returned to ‘off’ by 
a single movement of the liandJo when desired, without ratclioting back through 
the starting positions. Tlic main current is always broken by tho double-pole con- 
tactor with magnetic blow-outs, whether tho intormption is caused by tho control 
switch on the drum starter, by overload, by failure of sux^ply, or by opening of tbe 
isolating switch. 

Beferring to Pig. B75, tlic shunt rogulatc3r at tho top of tho panel is worm 
driven and interlocked so that full-fiold must bo estahlisliofl before the motor can 
be started. Below this thoro are, in ordor, tho drum starter, two overload trips, 
tho isolator handle (intorlookod with tho doors), tho main (contactors (which serve 
also as no-volt protection), and tho isolating switch, which is of tlin slow-break type 
as the circuit is always broken by tho contactors. From 50 to 800 7o speed varia- 
tion, as req^uirod, is provided by tho shunt-rogulator ; and, if no speed variation is 
desired, the shunt-rogulator is omitbod. * Inching ’ is (vffec'tc^d i)y the ratchet handle 
operating the control switch, or by push-buttons ; in both cases the full starting 
rasisbauce is in circuit and links are provided ho that ilui olirnic- value of tho start- 
ing resistance, and thoroforo tho degree of Miudiing,’ can hc^ varic'd. 

Standard sizes of this control gear range from ^ to 50 11. 1’, at ICO to 125 V ; Jto 
100 H.P. at 200 to 250 V ; and ^ to 175 H.P. at dOO to 550 V. 

I ( c ) D.O. MuLTipm<3-LMV.ri]a ‘ Inciixno ’ STAiiTWits ; Hand Oi’HUathd. 

In this equipment, tVio sections of starting ronistancio are cnit out by a series of 
lever switohos, actuated by cams on a spiiidU^ rotab(ul by a ratcdiot handle. The 
cam spindle, in fact, performs through the lover switchos exactly tho same function 
as the contact drum of the drum-typo starter d(jHcril)od at I (6) alK)Vo. Th o remain- 
ing components are essentially tho Hanie as in tho drum-typo goar. The shunt- 
regulator provides from 30 to 100 7o speed variation as roqui rc'd. The multiple-lever 
type of starter is specially suitable for high-power motors. Standard sizes range 
from 50 to 150 H.P. at 100 to 126 V ; 70 to 600 H.P. at 200 to 250 V ; and 80 to 
760 H.P. at 400 to 560 Y. 

I { d ) B.O. Automatic Common Q-kar. 

Bepresentative e^rioiaples of automatic control gear for 1).0. motom arc illustrated 
in Figs. 376 to 378, viz. a non-inebing contactor typo starter (Fig. 876) suitable for 
motors up to about 6 H.P. ; a solenoid-operated inching ntartor (Fig. 877) suitable 
for motors up to about 60 H.P. ; and a contactor-tyjio inching starter (Fig. 378) 
suitable for motors up to about 600 H.P. In each case, tho goar is shown with 
a shunt-regulator for speed variation, but this can bo omitted if no speed control is 
desired. A distinctive feature of the solenoid-operated panels illustrated is the 
wedge-type contact bar of the automatic starter. In this, hikscohsIvc spring-controlled 
carbon blocks (resembling the brushes of a motor) are Hhort-oirouited in proper 
sequence by the wedge-shaped bar lifted by tho operating solenoid. Full-face 
contact is made between the bar and the brushoH on each step. In the smaller 
equipments (Fig. 377), the carbon brushes are connected to the sections of starting 
resistance, but on the larger panel (Pig. 378} the solenoid starter acts only as 
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Fig. 374, — Nou-iudiing’ face- 
plate stsurter for D.C. motors, with 
main switch, fuses and shunt-regu- 
lator for speed variation. 




Fig. 376. — Automatic contactor- Fig. 375.— Inching drum-type starter for D.O. 

type starter for small I). 0. motors, motors, with contactors, overload trips and shunt- 
Non-inchiug ; variable speed. regulator. 
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Fig. 377. — Auiomatic Roloiioid-typo Ktarior 
for D.O. laotors. Inching; variable Br)ee(l • 
hand regnlaior. 


Fi<i. 87 M. ‘AuLoiuaiio oontactor- 
bype starU'r lor D.Cl moLor-s. Incli- 
ing; variable, .s|>e(Ml ; auio-rcgulator. 

\To face mje 25L 






MOTOR CONTROL 


§ 738 

a 'master controller, tke brushes being connected to contactors which cut out the 
resistance sections. 

A suitable rate of starting is secured in the smallest starter (Mg. 376) by means 
of an air dashpot retarder. The larger starters are controlled by eddy current re- 
tarders, which are not adversely affected by changes in temperature. The core of 
the starter solenoid acts through gearing to rotate an aluminium disc, which runs 
between the poles of an electromagnet excited by the main current of the motors. 
The braking effect exerted by the disc thus increases with the load on the motor, 
and the rate of starting is automatically reduced; at the same time, there is no risk 
of the solenoid core being held stationary at any intermediate position (leaving part 
of the starting resistance in circuit) because the eddy current braking becomes weaker 
as the speed of the solenoid core and, therefore, the aluminium disc, decreases. 
A one-way clutcli allows the solenoid core to fall freely to ‘ off,’ without retardation 
by the eddy current brake. 

In all sizes of starting panels 50 °/o speed variation is standard, but 200 to 
300 °lo can be provided if necessary. In all cases it is essential that the shunt- 
regulator resistance be cut out of the field circuit during the starting period. This 
is effected by an automatic accelerating relay which short-circuits the regulating 
resistance during -the starting operation, and thereafter re-inserts it gradually into 
the field circuit, so that the motor accelerates automatically to the speed for which 
the shunt-regulator is ‘set.’ If the ‘set-’ speed has only to be changed occasion- 
ally, the shunt-regulator may be adjusted by a handle and worm gear (Fig. 377), 
but if frequent changes are required it is convenient to use a solenoid-operated regulator 
(Pig. 878). This comprises ‘accelerate’ and ‘retard’ solenoids, controlled by 
push-buttons from any convenient position, the solenoid cores moving the regulator arm 
in one direction or the other, step by step through a ratchet mechanism. 

The equipment of the small contactor starter 'with hand regztlator in 
Fig- 376 includes a double-pole , slow-break isolating switch, in an inner compart- 
ment, interlocked with the contactor starter and the door of the case ; automatic 
accelerator ; a hand-operated radial-pattern shunt-regulator (50 speed variation) ; 
a contactor type starter with air dashpot retarder, and a magnetic blow-out on the 
first contactor. Standard sizes range from ^ to 2^ H.P. at 100 to 125 Y ; and 
1 to 5 H.P. at 200 to 260 V or iOO to 550 V. 

The inching solc^ioid-type starter with hand regulator in Pig. 377 includes 
(going downwards from the top) a hand-operated shunt-regulator, normally for 
50 °/o speed variation but up to 300 variation can be provided ; a solenoid-operated 
wedge-type contact starter with eddy current retarder, but no magnetic blow-out, 
the circuit being always broken by the contactors ; automatic accelerator restoring 
full field during the starting period and then accelerating the motor to the set 
speed ; overload trips (on each side of the eddy current retarder) ; an isolator handle 
interlocked with the doors ; two magnetic blow-out contactors, one in each pole ; and 
a slow-break isolating switch in the bottom compartment. The contactors provide 
no-volt protection, and are interlocked so that they cannot close unless the starter is 
‘ off.’ The isolating switch is interlocked with the doors and with the contactors 
so that the latter always make and break the current. Standard sizes range from 
^ to 15 H.P. at 100 to 126 V ; J to 35 H.P. at 200 to 260 Y ; and ^ to 60 H.P. at 
400 to 550 Y. 

The inching contactor4ypc starter with anto-regidator shown in Pig- 378 
comprises (from tlie top downwards) a solenoid-operated ratchet type shunt-regulator, 
giving 50 speed variation (up to 300 % if desired) ; a solenoid-operated wedge- 
type master switch and (to the right of the latter) an automatic accelerator and 
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four starting contactors actuated by the wedgo-typo mastor-Hwitch ; an interlocked 
isolator handle ; two overload trips; two main contactoi-s and (between them) the 
fifth starting contactor and inching relay; and (at the bottom) a double-pole slow- 
break isolating switch. The main current is made and broken on the main 
contactors; interlocking is as explained in the preceding paragraph. J^tandard sizes 
of this gear range from 11 to 126 H.P. at TOO to 1.25 V ; 25 to 225 H.P at 
200 to 250 Y ; and 40 to 500 H.P. at 400 to 650 V. 

II (a) A.C, Steaigiit-ok STABTraiis with Tiiwumal OvimnoAD Tiiips and I'atjlt 

pROTKCTION FUSl'JS : ‘ OONTAGTOlt-BuKAK ’ ; ITaNH OPWIIATBD. 

The equipment consists of a ^1-polo electrically operated (iontactor; no-volt 
feature inherent; and two thermal typo overload trips; also H-pole cartridge fuses of 
high rupturing capacity giving protection under modern (conditions. The fuses are 
arranged to open circuit indoponclontly of the starter. Iteplacoment of fuses is 
limited to fault conditions; ropla(iomGuts are, therefore, ixifro<piont. Throe spare 
fuse cartridges are fixed inside the front door of the starksr onclosiug c.aso, A triple- 
pole isolator, intorlocked with tho contactor, fitted in a H(q>arato loc^kod compartment 
gives protection against contact with live parts. Standard si/zos of this typo of 
starter range from ^ to DO H.P. at 200 to, 260 V; ^ to 150 H.P. at 400 to 480 V; 
and i to 175 H.P. at 500 to 550 V. 

II (d) A.O. Stkaight-on Stautbrs : Oin iRfMBitSMD: I Iand-Opkuatkd Trra. 

A 3-pole circuit breaker and combined starting switch fithrl with rolling butt 
contacts are operated by a crank handle. Tho starter is arranged to connect the 
motor direct to tho line in the starting iJosition, and to c.onne(*t the overload trips in 
circuit when the starter is pulled over into tho running position. The starter when 
open oomplotoly isolates the motor. Time lags, fitted to tlus overload trips, prevent 
the starter from being tripped, by inomentary ovtir loads tuxd normal starting peaks, 
bub function in the event of sustained overload. A no-volt rehiaso mcjohanism 
releases the starter which returns automatically to ‘olT’ position, and the starter 
may be tripped by an emergency stop push-butt(,)n fitted to tlu^ case. A third overload 
trip is added for systems with earthed neutral, and a Jl-poks isolating switch may befitted 
if desired. When fitted, tho isolator is interlocked to prevent tin) top (’over and the 
oil tank being removed unless the supply is cut * off.’ Standard sizes range froin 
J to 35 H.P. at 200 to 250 V ; J to 75 BJ\ at 400 to 480 V ; and j to PO H.P. at 
500 to 550 V. 

II (c) A.C. Stkaight-on STAKTiaBs : AuTOMAric OoOTAcrroH Tyi*i-j. 

A 3-pole contactor connects the motor straight across tho mains when the 
‘start’ push-button or master switch is operated; and disconnects tho machine 
when the ‘stop ’ button or master awitoh is operated, or when tho isolating switch 
is opened (if the latter bo provided). Tho contactor, has butt (iontacts, and two 
overload trips of the thermal typo are arranged k) upon tho contac^ter on sustained 
overloads, but not on momentary overloads during running, nor on normal starting 
peaks. Three cartridge fuses provide short-circuit protection under modern 
conditions. The contactor coil itself provides no-volt roloaso. A triplo-pole isolator 
in separate locked compartment protects against accidental tiontact. Standard 
sizes range from ^ to 75 H.P. at 200 to 250 V ; ^ to 150 H.P. at 400 to 650 Y. 

III (a). A.O. Star Dbeta Starters: * GoNTACTOR-BiuaAK ’ ; Hand Operated. 

With Thermal Overload Tbips and Fault Prou'kction Fuhmh (Fig. 379). 

The equipment consists of an electrically operated T.l?. main contactor with 
butt contacts ; no- volt feature inherent. Star-delta starter * inching,’ fitted with 

252 




I'lG. 379. — Haud-oporatod ‘ t;on lacfcor-break ’ star-delta starting panel with thermal 
overload trips and fault protection fuses ; no-volt feature inherent. 



Fig. 380. — Oil-immersed star-delta starter with no-volt and two overload trips and 
time lags ; oil tank removed. 


[To Jace page 252. 
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butt contacts and normally connected so that on pressing the start-inch push-bnfeton, 
the main contactor closes to start the motor. After an interval to allow the motor 
to accelerate the starter is pulled over into the running position, when the start-inch 
push-button may be released. The panel is fitted with two thermal overload trips 
and three fault protection fuses which function as described under 11 (a). Standard 
sizes range from ^ to 90 H.P. at 200 to 250 V ; ^ to 175 H.P. at 400 to 480 V * 
and i to 200 H.P. at 500 to 550 V. 

Ill (6) A.O. Star-Drlta Starters: Oil Immersed; Hakd-Operated Type. 

The star-delta starter, fitted 'with rolling butt contacts (Fig. 380), is 
operated by a crank handle, and arranged to make tlie connections in star, in the 
starting position. After an interval of time to allow the motor to accelerate, the 
starter is pulled over into the running position, connecting the overload trips in 
circuit. The starter when open completely isolates the motor. The overload trips 
are fitted with adjustable time lags and a no-volt mechanism operates as described 
under II (6). A single point stop push-button is fitted which trips the starter to 
stop the motor. A third overload trip is added for systems with earthed neutral, 
and a 3-pole isolating switch may be fitted if desired, at extra cost. These features 
are arranged as previously described under II (b). Standard sizes range from 
^ to 45 H.P. at 200 to 250 V ; i to 90 H.P. at 400 to 480 V ; and ^ to 100 H.P. at 
600 to 550 Y. 

III (c) A.O. Star-Delta Starters : Automatic Contactor Type. 

This panel (see Fig. 381) is provided with an electrically operated T.P. main 
contactor ; no-volt feature inherent, and change-over contactors for star and delta 
connections. The latter are interlocked so that both cannot close simultaneously, 
and they are actuated by a solenoid-operated relay with air dashpot timing device 
giving an adjustable time interval, between the closing of the ‘ start ’ (star) and 
,< run ’ (delta) contactors. Two thermal type overload trips are provided, and three 
cartridge fuses give short-circuit protection under modern conditions as described 
under II (c) above. A triple-pole isolating switch is interlocked with the doors of 
the casing so that the latter cannot be opened until the isolator is ‘ ofi,’ and the 
isolator cannot be closed until the doors are shut. Further, the isolator is inter- 
locked with the contactor so that the circuit is always completed and broken by the 
latter. In other words, the isolator is used solely as an isolating switch and never 
breaks current; it is theroforo of the slow-break type. Standard sizes of this 
control gear range from J to 80 H.P. at 200 to 250 Y ; ^ to 175 H.P. at 400 to 560 Y. 

IV (a) A.O. Auto -Transformer Starters: Oil Immersed; Hand-Operated 

Type. 

The particulars given for star-delta starters at III (6) above apply also to the 
auto-transformer type, except that the starting switch now connects the motor to 
auto -transformer and full voltage instead of in star and delta. The oil-immersed 
auto-transformer has tappings for 40 °/o, 00 ®/o, and 75 °/oOi line voltage. Standard 
sizes range from J to 45 li.P. at 200 to 250 Y ; J to 90 H.P. at 400 to 480 Y ; and 
i to 100 H.P. at 500 to 560 Y. 

lY (6) A.O. Auto -Transformer Starters : Auto matig\ Contactor-Type. 

The switchgear, interlocking and overload protection in this equipment are 
essentially the same as in the automatic contactor-type star-delta starter (see III (c) 
above), but the function of the contactors is now to connect the motor successively 
to the reduced voltage provided by the auto-transformer and then to the full supply 
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voltage. The contactors are iiitorlocked to })r<jvoiit Kiniultaneoufcj ('losing; a.n^ 
actuated by a solonoicl-operiitod master relay with adjusiahh-s timing dovica as before 
The air-cooled auto-transforiuor is inouiitod in tho same case as the switchgear and 
provided with three tappings so that tlio iuuh)r (^an ho startocl on dO CO 7 , or 
75 of line voltage as dosiroch Standard sizes range from ^ to DO II. p, at 200 to 
260 V ; ^ to 175 H.P. at 400 to 550 V. 

V (a) STA.TOU-B0TOE SrAETKHS: ‘ Oontagtoh-Buisak ’ ; If and Oi’ichated. 

A rotor starter of the dram type ‘inching’ {.wj Fig. hH2) is operated by a 
ratchet lever handle and interlocked with the 'hpole stak)!* contactor so that the 
motor cannot be switched on imloss the full rotor resi stance is in (dreuit. Overload 
protection is provided by two thormal type overload trips, and three cartridge fuses 
protect against modern sliort-circiiit conditions. The slow-break isolator is enclosed 
in a separate compartment, and interlocked witli the main door so that the latter 
cannot be opened unless tho isolator is *off also the isolator cannot be closed 
while the door is opened. T.P. stator contactor provides no-volt release and a stop, 
push-button is provided. Standard sissos jmovide for maximum rotor currents from 
50 to 250 A, covering 1 to 90 H.P. at 200 to 250 V ; 1 to 175 H'.P. at 400 to 480 V; 
and 1 to 200 KA\ at 500 to 550 V. 

y ( b ) A.O. Statob-Botoe AND Stahtbuih: Oiii Immiwiskd; Hand OrwiiATinr) Typh, 

The stator contacts (of the butt tyi>o) and the rotor starting reHiBtanoe are 
oil immersed. The resistances arc cut out of circuit stop hy step, giving slow motion 
starting, by a ratchet handle actuating the drum typo staitor. Once oommeiiced, 
the starting operation must be completed in ccmrect sequonce, otherwise the starter 
is tripped and the operator must begin again. Tl le starter in provided with no- volt 
release and two overload trips ol the solonoid typo with adjustable time lags are 
fitted in front and enclosed within a soparabo a<‘.ce8Bil)lo cover. H'he same remarks 
apply concerning isolating switch as in the oil-immersed straight-on liand-operated 
starter {see II (6) above). Standard sizes provide for rotor c.nrrentB from 60 to 
150 A, corresponding to from J to 45 H.P. at 200 to 250 Y ; ^ to UO H.P. at 400 to 
600 y ; and ^ to 90 H.P. at 500 to 550 V. 

y (c) A.O. Botor Btartbrb : Automatic OoNTAC'ron Tyi’k, 

The starting resistance is star-connected, air-cooled and mounted in the control 
pillar casing. A 3-pole stator contactor witli magnetic blow-outs, no-volt feature 
inherent, is interlocked so that it can only be closed when all tho rotor resistance is 
in circuit. Thereafter, a series of double-polo olecstromagnetitt coiitactors cut out the 
rotor resistance step by step. Each contactor is controlled by an adjustable auto- 
matic timing device of the air dashpot type. Two thermal type overload trips 
operate on the stator contactor. The main circuit is always made and broken by 
the latter, hence the isolating switch is of the slow-broak type. Three cartridge 
fuses are provided which protect against modern short-oii'cuit conditions. Standard 
sizes deal with maximum, rotor currents from B5 to 250 A, oorr6spi)nding to J to 
80 H.P. at 200 to 250 y; J to 175 H.P. at 400 to 560 V. 

VI A.O. Synchronous Motor Startbjrs;] Did iMKJHiRKJifiD ; Hand-Opuhatbd ; 

MuiiTiPLH Switch Type. 

The starter is actuated by a ratchet handle ensuring step by step motion, aiid 
unless the starting operation is completed in correct sequence the circuit breaker is 
tripped and cannot be re-closed without returning to off. An air-cooled, oa^st-iron 
grid starting resistance is provided, and normally rated for three successive l-miu. 
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The 3-oole circuit breaker is in tlie same oil tank as 
starts the same ratchet handle. The '.motor can be ‘ ioohed 

the starter and operated by movement and releasing the handle. A 

by raising the handle, provided ; also three overload trips fitted 

uo-volt release of the handle. A slow-break isolating 

with time-lags and 0 ^®° ^ ^ lowering gear, and circuit breaker. An 

switch is interlocked with t » _ ^ continuously rated resist- 

"her regulator of the faceplate W close and stable regulation of power 

ance of zero temperature ooeffioi p starting, 

j,3tor. If it is hi d atngtill^^ breaker and operated by tbe 

a change-over switeb '\h™nts fitted at choice are main supply ammeter aud 
same ratchet handle. meter power factor meter, wattmeter or watt 

volt-meter, exciter ammeter and ^ 3 

hour meter. Control gear of this type is aainsted automatioally by a servo- 

motor under the oontml of a PJP. rriay- ^it ^.C. synchronous 

or stator-rotor starters V (o) and v (c; oa 
motors. 

ju .lre.dy notet ISS 

exbau.di Uie type« ot staiters Ml. comiiioidy required are 

MOtore. The eu»l.u..ntary <'«™“ ““S and I.r eon- 

thoee for reuersmg the motor, tor y ^ Irartion 

main Liquid controllers are useful for 

739- niQUi motors, but metal resistances must be 

starting and controllmt, A.O. electrolytic corrosion and 

ueed win. D.C. te.X« .l«d»lyt«. The 

gassing produced by D.O. ^ & nkpa-nness simplicity, and in- 

merits of liquid control ers ^ necessary to observe 

dednitely fine gradation of contro For 'instance, the 

certain precautions “ ^ “iVentlosed to exclude dust ; provision 

controller casmg must be totally electrolyte; 

must be made against ‘creeping gradation of 

and the contact plates ® ^ lowered into the electrolyte, 

resistance. Where the elec ro . self-sustaining and of such 

the raising and lowering gear should be self | 

a gear ratio that the should be 

It is desirable that definite metal-to-me^^^^^^^^^ ^ 

provided when the plates primmon salt since the latter 

Llution of soda is preferable to common jlt b 

attacks iron, Liquid starters are m use for pressmes p 
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or higher, and for inotoj-s up to 1 000 H.P. or <,vor. lu the W 
starters, tho electrodes arc fixed and tlu^ of elecfcrolyt^^* 

varied. I'or exaiupio, tluxHS cloctroiles (eoiTo.spoiiding to the tb'* 
phases of a slip-ring rotor) may ho moimttid in a chamber provid!l 
with ari adjustable weir and placed over a sump tank. A centrifo i 
pump circulates electrolyte continuously I'roiu tlu* lower to theuD^* 
chamber during working houra. If tlu> weir )>o ‘up,’ resistanr 
between the three electrodes i.s reduced t(j an extent dopending on 
the setting of tho weir and at a rate \'arying with the speeds of th 
pump or with the setting of a valve in its < hdi very pipe. On lowerin* 
the weir plate, extra resistance is inserted or the circuit is opened 
practically instantaneously. Too rapid removal of resistance k 
impossible in this type of controller ; tlus elisctrolyto may be cooled 
by water pipes as well as by its own circulation; and a definite 
resistance corresponds to each weir-setting. A typical application 
ot Inpid controllers is in the rotor circuit of d-j.base eollierv 
winding motors of the slip-ring induction typir 

740. Flame-proof (Explosion- Proof) Gear. — A llame-proof 
(including explosion-proof) enclosure for a switch, circuit broker 
or other control gear is one which will withstand, without injury 
any explosion tliat may occur within it undei- the actual conditions 
of operation and rating (including ovei-Ioads, if any) ; also the 
enclosure will prevent the ignition of a surrounding iufiainmable 
mixture by transmitted ilame. Such an (mclosuro may be ‘her- 
metically sealed,’ in whicli ease it must bo capable of resisting an 
internal pressure of, say, L'iO lb. per sip in. with an adequate 
laetor ot safety; or it may bo vented by labyrinth openings, or by 
spring bolts in wide flanges, so tJiat internal pressure is promptly 
relieved, yet the escaping gases are cooleil to such an extent that 
they are incapable of igniting inflammahle mixture outside A 
practical objection to ‘hermetic sealing’ is tliat it leads to accumu- 
lation of condensed moisture (‘sweating’) by the action already 
explained in relation to wiring conduits (§§ lidH, 544, Vol. 2). In 
a propel ly vented casing, there sliould bo no trouble from conden- 
sation, and the excess internal pressure should never exceed 20 lb. 
per sq. m. The escaping gases are thoroughly cooled by travelling 
tor a distance of 1 ^ to 2 ins. between flanges or vent washers 
a out 0 02 in. apart, and there is no danger in using air-break 
.swi c -gear inside such a casing. Oil-gauge glasses on oil- 
immorsed switch-gear should be well protected, and preferably of 

25G 



MOTOR CONTROL 


74 « 


Triplex glass. Bolt holes for attachments to the body of the en- 
closure (as distinct from the flanges) should be ‘blind ’ ; otherwise, 
the enclosure will not be flame-proof if the bolt be missing. 

741. Remote Control. — An excellent example of the capa- 
bilities of the ‘ remote control ’ and automatic acceleration of motors 
is to be found in the equipment used on electric trains operating 
on the multiple-unit system (§ 871). The switches in the motor 
circuits are of the solenoid-operated contactor type controlled 
through a multi-core control cable running the whole length of the 
train and connected to a master controller in the driver’s cab. The 
rate of acceleration is governed automatically. 

The principal features of a typical equipment of this sort are summarised below, 
the ^ particular apparatus described being the Metropolitan- Vickers ‘ all-eleotrio 
control.’ 

The main current flows from the positive collector shoe through the shoe fuses, 
junction box, main isolating switch, equipment fuse and circuit breaker to the main 
contactor switches and motors, returning via the motor frame to the running rails. 

The equipment circuit breaker is a solenoid-operated switch with a series over- 
load trip, and a separate shunt trip opei*ated by the driver when required. Reversal 
of the train is effected by solenoid-operated drum switches in the main motor field 
circuits. 

Automatic acceleration is provided by a combined current and time-controlled 
accelerating relay. This relay operates contacts in the control circuits and governs 
the sequence of closing contactors ; it is so designed that the control contacts on the 
relay never break a circuit and therefore do not become burnt. 

The motor current is handled by contactor s'witches, actuated by solenoids con- 
nected to the line* by the master controller. Interlock contacts on the contactors 
ensure that they close in proper sequence. 

In order that the several motors may share the load equally, the corresponding 
points in the control circuits on the various motor coaches are connected by a multi- 
wire ‘ train line ’ cable, running the whole length of the train and connected between 
coaches by jumper cables with special plug and socket connectors. 

The main handle of the master controller has four operating positions : 
(1) Giving series connection of the motors with all resistance in circuit. (2) Bringing 
the automatic relay into action so that resistance is cut out step by step till ‘ full 
series’ is reached. (3) Transferring the motors frona ‘full series’ to parallel con- 
nection with all resistance in circuit. (4) Bringing the automatic relay again into 
action, so that resistance is cut out step by step till ‘ full parallel ’ is reached. 

If the driver removes his hand from the handle of the master-controller for any 
reason, the handle rises, the control current is interrupted, and the emergency brakes 
are applied automatically. This feature is called the ‘ dead-man’s handle.’ 

Normally, the handle of tlie master-controller is moved straight to the series or 
parallel position, as desired, and the motors then accelerate at a rate determined by 
the automatic relay. In order to obtain slower acceleration, the handle is moved 
from the first to the second position (or from the third to the fourth position) and 
immediately returned. Each time this is done, one step of resistance is cut out 
provided that the current has fallen to a pre-determined limit ; otherwise, the auto- 
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matic relay again conics into action. In other words, the acceleration may be made 
slower, but cannot bo made faster than that oorrosponding to the setting of tbe 
automatic relay. 

The remote control of nin^lc inotora an<l groiipn of motors is 
being used to an evor-increasing extent in induHtrial applications 
of all descriptions. Familiar examples an*- the pn^h-s- button starting 
and controlling of the motors driving machiiu*. tools and printing 
presses. The details of the equipniont (*ati be varied indefinitely 
to suit individual requirements. I'le (^xamph^ described above 
illustrates some of the chief principles and niethods applied. Ac- 
cording to requirements, a simple on-and-otr press-button switch 
may be used to actuate a single contactor or a serit^ of interlocked 
contactors ; or a ‘ master' drum con troll ',r, with a spindle carrying 
any required number of contact segments, may b(,) ust‘-dto connect 
two or more of a series of stationary contact blades in any desired 
sequence and combination. Th(3 (dectrieal and meclumical details 
of drum controllers vary infinitely according to the purposes to be 
served and tlie powo^r to be handled. Wliercver a number of 
changes in connections have to Ix^ mad*, in <l^firiit(5 sequence and 
definite relative timing, this type of control In' is probably the 
most convenient and reliable pattern available 

742. Automatic Control. — Essentially, an automatic motor- 
starter consists of devicc^s foi* automatically and progressively 
changing connections — whetlxer of starting-resistances, by cutting 
them out of circuit ; of compensator tap] )ings ; or of phase windings 
(star to delta) ; and so on — in order to acccdcrate the motor from 
stand-still up to fulldoad speed. rate at which this accelera- 

tion is effected may be governe<l by an a<ljustablc timing device, 
or by the current actually taken by the motor. ''Idio permissible 
I'ate of acceleration depends upon the inex'tia of the motor and its 
connected load. If the interval of tinui bot\voon the successive 
advances of the starting switch is to be regulated automatically, 
the tiniing must be adjusted to suit the heaviest load and, this 
timing being fixed, it will he unnecessarily slow when the motor 
is starting against lighter loads. If, however, the starter is con- 
trolled by the motor current, so that a fresh stage of acceleration 
is commenced directly the current has fallen to a pre-dotermined 
value, then the motor is started more rapidly the lighter the load, 
and, under all conditions, the current is kept within the desired 
limits. Theoretically, the 'current limit’ is the correct principle 
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on which, to start motors, but it may result in excessively rapid 
acceleration on light loads and in failure to start (and possibly 
burning out o£ resistances or compensator windings) on heavy loads 
which cannot he accelerated within the pre-determitied current 
limits, but which would be accelerated (with somewhat heavier 
current peaks) by a time-limit starter. 

For example, a conveyor motor may fail to start or to accelerate at the normal 
rate on the first notches during cold weather, owing to the high static friction of the 
cold bearings. A time-limit starter would nevertheless bring the motor up to full 
speed in the prescribed time at the expense of heavier current consumption during 
acceleration, and the circuit-breaker or fuse would operate in the event of the current 
being dangerously high. A current- limit starter, on the other hand, might keep the 
motor stationary under such conditions, or cause it to accelerate so slowly that, 
although the current were kept within the prescribed limits, its prolonged flow would 
burn out the starting resistances or windings. 

The details of construction and application of relays for con- 
trolling the rate of motor acceleration can be varied indefinitely. 
In one useful type, which combines both current-limit and plain 
time control, a solenoid connected in the control circuit has a 
plunger carrying a disc, which bridges and closes contacts in the 
next section of the control circuit when the plunger falls. A second 
winding, on the same magnetic circuit, is connected in series with 
the motor so that, although the control solenoid be de-energised, 
the plunger cannot descend till the motor current falls to a 
predetermined value. This provides the current-limit feature of 
the automatic control. A dash-pot or similar device also imposes 
a definite time lag on the descent of the plunger, so that, however 
light the motor load, the rate of acceleration of the machine cannot 
exceed a predetermined maximum. With this equipment, the 
motor is subject to a certain minimum time of acceleration, which 
is automatically prolonged if necessary to prevent the current from 
becoming unduly heavy. The limitation of the current is, however, 
only partial, for no definite limit is imposed upon the maxiTyium 
current. A further step of acceleration is permitted directly the 
current on one step has fallen to a prescribed value; the exact 
value of the initial rush of current on the next step depends upon 
the load on the motor. 

A typical fully-automatic control for a variable-speed D.C. 
motor comprises a contactor-type starter and a shunt-field rheostat 
actuated by a servo motor. The main motor is controlled by 
‘ start ’ and ‘ stop ' press-buttons and by ‘ raise ' and ' lower ’ press- 
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buttons for speed variation, tlio lattcn’ startling th(^ 
servo motor in one direction or the otlun'. Oi%m it is sufficient to 
regulate the spoe<l by hand, ndying Tor press buttons only to start 
and stop tlio naXor. Tf ‘iiicluug’ is nvjuinv I, i,e, temporary 
running at very low s]>eod for the ])nr]K).H(^ of moving parts ot the 
driven nuichinc into a convcmiimt ])()Hition, tdiis may he obtained 
by means of a button which brings a (5onta(*ior into action, con- 
necting the D.Ch motor armatun^ to the supply in series with a 
suitable resistance. I'bo motor runs at inching s]hm',( 1 only whilst 
the inching button is hold down. Similarly, (‘qui]>m(mt is available 
for the control of A.C. variablc^-sptmd motors, tln^ auxiliary motor 
then shitting the l)riishes of tin**, main motor or varying the rotor 
resistance, as tlie case may b(^. 

743. Protective Devices. — goiumn,) imimdph^s and methods 
of providing pi'otection against <)V(^.rloa<I, low voltagt.^ and interrup- 
tion of supply arc montioiUMl in §§ d44, ^^55, Vol. 1. In certain 
fully-autoniatic installations it may hi^ (h^sirahlo for niotors to 
start again directly normal sxii)])ly volhigt^. is restored, but, in 
general, the low-voltage protective g<airof motors not only restores 
starting conditiouB, in regard to insertion of armatuia^. resistance, 
restoration of full field, and so oti, bxit also optuis the. main circuit 
breaker so that the motor remains stationary until it is deliberately 
started again. A. single no-voltag<'- release. a luacliiue 

in the event of complete failure of sujqdy, but it is inqK)ssihle to 
protect against failure in one phase of a ]K)lyplia«c machine by 
a no-voltage release irr each phase, hi'.cause the (lofoctive phase 
remains charged by transformer action. An ovtudoad release in 
the rotor circuit of a slip-ring imluction motor (without ring short- 
circuiting gear) protects the machines against interruption of one 
stator phase, as well as against ordinary ovcrloa<l. In modern 
control gear the main contactors often pr()vid(‘. no-voltage protection 
(§ 738). Where special no-volt coils are used it should b«i ascertained 
that they do not overheat in continuoxis service and that their 
armature or plunger is not liable to stick. 

In a 3-phase, 3-wire circuit with isolated neutral overload 
releases in two phases suffice, but a rfdeaso in each phase is 
necessary if the neutral be earthed. Overload protection should 
he maintained during staiiiing as well as during normal running. 
A combination of fuses and thermal overload-relays offers important 
advantages. The fuses ensure instantaneous interruption of supply 
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at a predetermined overload or on the occurrence of a short- 
circuit, and they can be designed to interrupt safely the high power 
behind a fault in a large central station system. The rating of 
the fuses is much higher than the overload which can safely be 
carried by the motor for any appreciable time, and it is the function 
of the thermal overload release, or other trip gear with inverse 
time element, to provide normal overload protection, as distinct from 
protection against abnormal overload during starting or under 
fault conditions. 

An electromagnetic overload release, depending on the attraction 
of a plunger or armature by a coil carrying the motor current, does 



mo 200 300 400 500 600 

Per cent, of Pul h Load 

Fig. 383. — Overload protection witli thermal and dashpot time elements. 


not follow the law of heating of the motor, which is the factor 
determining the permissible overload in normal operation. A 
dashpot or other mechanical inverse time element may be provided 
so that the trip operates more rapidly the greater the overload on 
the motor. The ideal arrangement is to have a release which obeys 
the same law as the heating of the motor, and this can he obtained 
by using a suitably designed heating coil in conjunction with bi- 
metal strips which operate the trip gear at a predetermined tempera- 
ture, This combination protects the motor against any dangerously 
prolonged overload, however small its actual value, yet it is not 
actuated by the transient rush of current during starting. 

The advantages of the thermal-relay type of overload protec- 
tion may be explained by reference to Fig. 383. If curve A 
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represents the time Cor whicli the inotoi- eouM cany various I 
without injurioua ]ioatiu|r, it is obvious that for safotv the r 
load curve of the overload release must be below A (so that'T 
any load, the release operates before tlie motor reaches a dano-e’r ” 
temperature), while, for convenie.neo and maximum utilisation f 
the motor, the release characteristic sliould Is* of the same venm 
iorm as the curve of motor heating.. Curve B, roforring to 
electromagnetic tripping device i-etarded iu its action by a dashmi 
does not conform to these requirmmmts ; in tlie case shown h; 
set for 21 times lull-load,* and affords no protection akns 
smaller loads, however long maintained ; on the other hand it 
disconnects the motor almost instantly if the current reachl 
5 or 6 times hill-load value, hence the rele.ase must be put out o 
action temporarily if tlie motor is to hc^ started straight across 
the line. Ihe thermal relay, however, (c.urve 0) protects the 
motor against prolonged overloads <lown to about U times fuU 
load, and yet will allow, say, (i times full-loa<I current to flow for 
16 seconds before discomiectlng tlu^ motor, thus allowing 
permissible rushes of starting-current witlioiit even a temporary 
sacrifice of protection. The development of luoit iu both the 
thermal relay and the motor varies with the squani ol‘ the current 
flowing, and it is possible to adjust the cooling facilities of the 
hermal relay so tliat the tompsratnrc of the latter is always 
approximately in a predetermined ndation to the tomperatui-e of 
the motor so that eiiual protection is ehtained wliother the motor 
ovSold «Wnt or a sustained moderate 

With the increasing adoption of ‘ c.ontinuous ’ methoils of manu- 
facture and operation there is, in most imlustrial establishments, 
a sequence O' conveyois carrying raw material or component parts 
for a considerable distance. In this, or any other ca.^e where the 
stoppage of one motor would break the eontiiiuity of action of a 
series of machines, it is desirable to arrange that the stoppage of 

motor automatically stops all the other motors on the feeding 
side thus preventmg the piling up of material at the place of 
ea ^ own, w n s allowing motors ahead of the break to continue 
running to clear away the material already on their conveyors, 

to some extent^^biit varied as desired, and the shape of eurve B oan be altered 
stated ’ ^ features of the two methods of protection remain as 
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etc. All that is needed for such purposes is a series of electro- 
magnetic switches, one in each motor circuit; each motor holds 
‘ in ’ the switch in series with the preceding machine of the group. 

Increasing use is being made of thermionic vahes (§§ 418 et 
seq., Yol. 2) for the control and protection of motors in a great 
variety of applications. The advantages of valves for this purpose 
include remarkable sensitivity, instantaneous response, and the 
complete absence of mechanical moving or wearing parts. 
Hitherto the valve has generally taken the place of an electro- 
magnetic relay, but, with improvements in the construction of 
valves, there is an increasing tendency to connect them directly 
in the circuits controlled. Photo-electric cells, the electronic 
conductivity of which is established by light falling upon the 
cathode, are used, inter alia, in conjunction with three-electrode 
valves, to control machine tools and conveyors, and to secure the 
accurate ' registering ’ of printed materials in wrapping machines. 
The existing applications of electron tubes of all types are too 
numerous to mention ; their possibilities should be considered 
wherever the control of electrically driven machinery is concerned. 

744. Limitation of Starting Demand of a Group of Motors. 
— There are many cases in which it is desirable to prevent large 
motors being started simultaneously. The heavy rush of current, 
usually at low power factor in the case of A.C. motors, may be of 
minor importance where supply is taken from a power station 
of very high generator-capacity, but there are many loads — e,g. 
colliery winding, heavy transporter bridges, cranes, etc. — such that 
the simultaneous starting of several motors would produce ap- 
preciable disturbance in the supply from a medium-sized station. 
Other instances in which it is desirable to avoid simultaneous 
starting of heavy loads are : (1) where supply is taken under a 
maximum demand tariff, and avoidable peak loads are therefore 
specially objectionable ; (2) where supply is taken from a generator 
driven by an extraction or back-pressure turbine serving a steady 
heating load or manufacturing process ; in this case it is very un- 
desirable to subject the turbo -generator to avoidable fluctuations 
in load. 

One method of equalising the demand on the supply system, 
in all such cases, is by using fly-wheel storage (§ 828), but the 
cost of the special equipment then involved can sometime^ be 
avoided if it is permissible to delay the starting of any one of the 
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lai-iro Hiotuivs until no other one of tlioni in lniiii^ started, aridifij 
in practicable to j^ive each motor operator an indication of wheii 
he may or may not .start liis machine. A .siniph^ way of doi 
this* is by using a small synchrouou.s motor, near each larm 
motor, to drive througli rodnction gearing a pointer rotating over 
a <li,sc marked witli bhudc and white s(a!tor.s. If there are four 
large motors to bo considertid, the signalling dlsct for oach is three- 
fourths black and oue-hmrth whih^, tlu^ white Hectura being die- 
place«l 90 degree.s with reganl to eac.h otluu-. When atarting-uu 
or resuming work after a slmt-down, laudi imlicating pointer is 
started from zero hy do, sing a coupling hcitwoen its servo-motor 
and the reduction gear at a moment indicated by telephone from 
a central station. Thereafter, the point<!rH at th(^ several motor 
stations necessarily keep in step, no matter- how far apart the 
inachine.s may be, the speed of the .synclironous .servo-motors being 
fixed by the supply frerjuency of the -system. Ko long as each 
driver starts his machine only while the pointer is over the white 
sector of the dial, it is impossible for two large, motors to be started 
at once. In order to reduce the interval of waiting between two 
‘ starting permissible ’ periods, it is only nece-ssary to divide the 
white sector into two equal par-ts situated diametrically oppo,site to 
each other on the disc. This system of control is applicable to 
machines any distance apart, provided that tcdeplujnic or other com- 
mnnication i,s available for .synchroni.sing the ]>ointor.s. 

745. Bibliography. — (See explanatoi- 3 ^ nottts, § ,'58, Vol. 1.) 

OFFrCIAE. BEaUlMIONR. 

See Chapter 41 iii thin volume. 

Standardisation Biiipobts, :wtc. 

(1) .British Standard S^peciflcations, 

No. 88. Eject ric cut-outs, type O (rated carrying currents not exceed- 
ing 100 A and declared voltage not exceodinti 260 V to 
earth). ® 

No. 109. Air-break knife switoheB and laminated brush switclies for 
voltages not exceeding 660 V (excluding totally enclosed 
and flame-proof types). 

No. 110.— Air-break circuit breakers for voltages not exceeding 660 V 
(excluding totally enclosed and flame-proof types). 

No. 115.— Metallic resistance materials for electrical purposes. 

switches and circuit-breakers for A.O. circuits. 

No. 117.— Drum starters for electric motors (D.O. and A.O., 2- and 
3-phase induction with slip- rings). 

Described by H. Voigt, Zeits. des Yerem. deuisch. I 7 ig,, March 6, 1927, p. 838. 
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No. 118. — Drum controllers and resistances for use therewith for D.C. 
and A.C. slip-ring motors. 

No. 123. — Face-plate controllers and resistances for use therewith for 
D.C, and*A.C. slip-ring motors. ' 

No. 124. — Totally enclosed air-break switches for voltages not exceeding 
660 Y. 

No. 126. — Flame-proof air-break switches with or without fuses (A.C. 

and D.C. not exceeding 660 Y) suitable for the coal-mining 
industry. 

No. 127. — Flame-proof air-break circuit breakers (A.O. and D.C. not 
exceeding 660 Y) suitable for the coal-mining industry. 

No. 129. — Contactor controllers and resistances for use therewith for 
D. 0. and A.O. slip-ring motors (excluding traction con- 
trollers). 

No. 130. — Totally enclosed air-break circuit breakers for voltages not 
exceeding 660 Y. 

No, 140. — Liquid starters for electric motors (D.C. and A.C., 2- and 
3-phase induction with slip-rings). 

No. 141.— Switch starters (star-delta and series -parallel) for A.O., 2- and 
3-phase induction motors without slip-rings ; from 2 to 
40 h.p. 

No, 142. — Electrical protective relays. 

No. 147. — Multiple switch starters for D.O. motors. 

No. 155. — Contactor starters for electric motors (D.C, and A.C. 2- and 
3 -phase induction with slip-rings). 

No. 158. — Marking for switchboard bus-bars and connections (includ- 
ing arrangement for S-phase systems). 

No. 159. — Bus-bars and connections of bare copper or aluminium. 

No, 160. — Slate slabs for electrical purposes. 

No. 162. — Electric power switchboards for indoor installations up to 
and including 33 000 V. 

No. 1G7.— Hand-operated auto-transformer starters for A.C., 2- and 
3-phase induction motors without slip-rings. 

No. 194. — Switchgear equipments for D.C. circuits when the voltage 
does not exceed 660 Y. 

No. 195. — Switchgear equipments for 3-phase A.O. circuits not exceed- 
ing 33 000 Y. 

No. 229, — Flame-proof enclosures for electrical apparatus (for mines 
and other places where explosive atmospheres may be 
encountered) and tests for flame-proof enclosures. 

No. 246. — Face-plate starters for D.C. motors. 

No, 247. — Face-plate rotor starters for 2- and 3-phase induction 
motors with slip-rings. 

No. 279. — Flame-proof type plug and socket, heavy duty. 

No. 280. — Field rheostats fox generators, motors, synchronous con- 
verters and balancers. 

See also § 712. 

Books. 

Motor and Dynamo Control, W. S. Ibbetson (Spon). 

Controllers for Electric Motors, H. D, James (Yan Nostrand). 

Electric Control Gear and Industrial Electrification, W. Wilson (Oxford). 
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Electric Motors and Control Synioais, A. T. Dover (Pitman). 

E.O. Industrial! IVCotor Control, A, Dov’er (I^itinaii). 

D.G. Traction Motor Control, A. T. Dover (J*itman). ' 

Electric Wiring for Lighting and Pow I natiillatimm, A. L Cookrwi ^ 

Industrial Kloctrie Motor Control dear, W. IL J. Norburn (Pitman) 
I.E.E. Papeiis. 

The Design of Liquid JthooHtata, W. WilHon. Vol. « 0 , p. 190 
Electric Motor Starters, J. AnderHon. V’oL <> 0 , p. GI 9 ’ 

Operation of Induction Motors in Oascade, H. Cotton.* yol. 61 n 2 fi 4 

A Novel Motliod of Starting I*olyphase KynehroiKnia Motors, e’ V OIat-v 
V ol. 02, p. 878. . V. oiark, 

The Design of Electrkjal Plant, Control Dear and Connections for Protp*^ 
tion against Shook, Fire and Faults, H. W. Clothier. Vol 63 n 49*^ 

A New Systom of Control for EUx'-trically Driven Winches and 0^^ 
J. Bentley. Vol. (34, p. 507. • ’ 

The Stm^mg of Single-Phase Indiu^tion Motors, F. A. Lauper. Vol 65 

Hlieostatic Speed Control of a Motor working against a Toniue which is a 
Eunctioii of the Speed, H. Cotton. Vol. (56, p. 79(). 

MlSCli3UiAK.WOUB. 

Automatic Contactor G-oar for 1,).C. ami A.G, Motors, C. Windred M 
liev., Vol. 99, pp. 825, 1005. 

Industry Adopts the Electron Tube, B, S. Havens. CVw. AV. Jiev. Vol 
34, p. 714. * *’ 

Hints on Keotifying Eaulta in Motor Control Gear, An admirable booklet 
issued by Q-eorge Ellison, Hinningham. 
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CHAPTER 30. 


ELECTRIC DRIVING. 

746. Applications of Electric Motors. — For reasons discussed 
fully in tlie next paragraph electric motors are now used for 
practically every driving purpose, in sizes ranging from a small 
fraction of 1 H.P, up to some tens of thousands of horse-power, and 
in situations ranging from total immersion in water to explosive 
or fume-laden atmospheres and the highest temperatures which 
insulating materials will withstand. Some of the principal 
applications of electric motors are mentioned in this chapter, and 
data useful for estimating purposes are given. Further information 
on specific applications is to be found in Chaps. 31-37 inclusive, hut 
it must he emphasised that the methods described and the figures 
given are only to be regarded as typical, for the flexibility of 
electric driving is such that practically any conditions can be met. 

747. Advantages of Electric Driving. — The arguments in 
favour of electric driving may be considered under three main 
headings : (1) As regards the utilisation of primary energy. 
(2) The ease and efficiency with which electrical energy can be 
applied wherever it is required. The accuracy with which 
power costs can be determined and economical production main- 
tained where electric driving is employed. 

(1) Utilisation of Primary Energy . — The electric motor is not 
a prime mover ; it cannot utilise the kinetic or latent natural energy 
of wind, water or fuel, but must be furnished with a supply of 
electricity which, for all but weak currents, requires a generator 
driven by a prime mover. Nevertheless, as a matter of experience, 
the overall efficiency of electrical generation, transmission and re- 
conversion to mechanical energy at the motor is often higher than 
that of purely mechanical transmission from a prime mover through 
lineshafts, belts, ropes, gears, etc. Even in private plants, where 
a prime mover is used, whichever system of transmission he 
employed, the electrical system is generally at least as efficient as ■ 
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luechauical driviii^f; and, (sv<iii if tlu- I'riataoiial Iohhch of tlie 1 
l>c loHH than tlio <li.HtriI>uti<in and d()ul>l(?-c,(invt!r!si(in lostsetioftr 
electrical systeia, the diHeroiice is inoia! i.Iian eountorbalanced b' 
the advantaf^es eitod at (2) and (d) ha.Iow. Wlua-e central atatj 
supply is used, tlu* hi^dier elHcniiicy oJ’ larj^e fjenoratox sets con 
stitutes a furtlicr advantiifr(t of tdec.tric driving- <!oinpai-ed witli 
mechanical drivin^r IVum pi-ivate plant. In such a case, too the 
coiismnej- is savetl the eA-pcmse of installing: and operating prime 
movers and generators of his own, and (;an increase his deniandto 
any desired extent, either instantly or on .short lurtiiai if the increase 
IS so considerable as to n(scc,s.sitat(! (die connection of additional 
cables. 

bo far it lias asstiniod that thi^ (i(>iuj)ariH()n is between 

electrdcal and moclianical power alone. Where heat is also re- 
quired, whether tor warming buildings oi' for mannfacturino' pro- 
ce.s.ses, the economic possihilities ol combined power and heating 
systems should bo considonal. * 

One of (;ho advantages of eloctj-ic driving is the manner in 
which it facilitates the comhiue<l opci'ation of ]><)w<ir and heating 
serWees. As explained in §§ 176, 1.88, Vol. 1, a coudenHing steam 
engine or turbine rejects to its condensing water 50 or 60 of the 
heat developed by the combustion of fuel below the boilers, By 
exhausting .steam from the prime mover at a back-pressure suiting 
the lieating or process requirements, and extracting some steam at 
an interniediate pressure as well, if ncces.sary, tlio condensate loss 
can be eliminated more (jr loss eomplotoly. 'riie prime mover is 
then used as a power-producing redueing-valve giving mechanical 
power- at the cost only of the extra fuel needed to generate steam 
at the pressure and temperature of the engine or turbine admission 
instead of at the pressure and temperature at which it would, in 
any case, have to be produced for heating and process purposes. 
The latent heat of vaporisation, constituting by far the greater 
part of the total heat of steam, cannot bo i-ecoverod in power gener- 
ation but can be utilised in heating service, liy appropriate 
choice of the initial conditions of the steam, and by using steam 
aecurnulators where necessary, tlie power and heating loads can 
generally be balanced satisfactorily. The advantages of combining 
power and heating service, s are essentially the same whether the 
power be used for direct mechanical driving or for generating 
electi-icity , but in practice electric driving often enables the com- 
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bination to be effected where it could not conveniently be practised 
with mechanical driving owing to the distance between the com- 
j 3 onent parts of the plant. With electric transmission and dxdving, 
there is no need for the power and heating equijDment to be in the 
same building, or even on the same premises. The possibility of 
co-operation on these lines, between several different establishments 
in the same district, should be investigated ; it has already been 
found practicable in a number of instances. 

Though an industrial user of power alone may find it preferable 
to purchase electricity from a central station, rather than add to his 
investment and responsibilities by laying down private generating 
plant, no central station which rejects exhaust heat can compete 
with even a small private plant which combines and balances its 
power and heat services. The relative advantages of private gener- 
ation and purchase of energy are discussed in § 185, Yol. 1 ; to the 
remarks there given it may be added that a main unit in a private 
generating plant may sometimes have to be kept running, at low 
load and poor efficiency, in order to supply a few motors, whereas 
the smallest motor connected to central station supply mains operates 
at substantially the same overall efficiency when it is used alone as 
when all the machines are running. The deciding factor, however, 
is the average cost per H.P.-hour during the week, month or yegir, 
and this must be estimated for each individual establishment, and 
for each of the possible systems of supply and operation. 

(2) Distribution and Application of Power . — Where electric 
driving is employed, the driven machines can be arranged for con- 
venience and efficiency in the manufacturing processes concerned, 
without any regard to how power is to be brought to them. Mechani- 
cal driving involves an inflexible and cumbersome system of line- 
and counter-shafts, with belts, ropes or gears, but electric power can 
be taken wherever a cable can he run, and the motor can he placed 
wherever it can do its work to best advantage. Bearrangements 
or extensions of plant can be made at any time and in any direction 
by merely moving or extending the distribution cables. 

Either group or individual driving may be used as desired 
(§ 748). The elimination or reduction of over- head shafts and belts 
improves working conditions in the shop, and may effect anything 
from 20 to 50 saving of power compared with complete mechani- 
cal driving, not to mention the saving of time in repairing broken 
belts. The small PR loss in electric cables, from 2 to 5 or so, 
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according to the length of the circuit twid tlm anumnt nf 
used, is much less than the loss by condon.sation in stel“-^® 
where scattered atoana engines anv used, aa in ol<I eollieriea 
printing works, etc. ; it is also loss than the fn-ctional h)8a ifr”' 
hncs of shafting and belts, and less than tin, 1<.hs ])vfnVtil: ! 
leakage in compressed air pipes. ■ • - on and 

Power can be developed at any <l(,.sir<,d spcfnl and torque wt 
electnc motors aro used, and it is fotmd that owing to the 
regularity of the turning moment of at. electric motor, it is 
to increase the speed and outimt of nuudiinory by from 10 to 90 »; 
In textile niaclnuery the slight c.hanges of angular velocity of the 
flywheel, during each revolution of a mill engin<,, are onLi t 
a«ect the working «„,! to J 

applied to machines which arc dnvon individually by electric 
motors. Automatic control, to meet practically any requiremeS 
can be actuated by electnc relays .whicdi are both sensitive and 
reliable ,• such control is applicable to mechanical gear, hut the full 
possibilities are only realised when the <lriving as well as the cm 
tol B offoeW .loctrioolly, Rov,™,,!,, 

.«.ly m-,„go,I whom olo^m o.,*,™ ,„„l ....p,, J 

Ibe power and speed cItara<itoristi(!s of the various types of 
electnc motors can be a<lapt(ul to those of any partimilar load p^r 
example, clecreasing speed with increasing loa.l may be obtained as 
a matter of expediency (e.g. by the use of series nuftors for traction 
purposes) or in order to utilise flywheel storago (S 753)- further 
information on the adaptation of motors to lomls is given in S 74^ 

are iS canTc r®'’ n"'' when ethers 

-One Denomination of Fo^oer Costs. 

_ One of the most important advantages of eh>etric driving lies 

“d t^iT ^ consumption of a sho "" at 

determined continuously at negligible 

thnfi?'' manufacture can 

thus he ascertained and, what is most important, any irregularity 

ali^ei.: ascertained'^ IiSing 

machines hnf ' <Jpe»-ation of individual 

necessary if the mtegi-ating watt-hour meters are 

necessary if the energy consumption is to be determined. These 
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may be fitted individually to the more important motors, bnt, in 
other cases, one or two meters may record the consumption of all 
the machines in a shop or department. A daily or weekly record 
of energy consumption should he kept; this will facilitate the 
allocation of power costs and will provide a general indication of 
the output from the department, the energy consumption decreasing 
if machines are idle. On the other hand, any marked increase in 
energy consumption, unless it is due to overtime working or some 
other easily ascertained cause, such as a rush of heavy work, is 
probably due to some defect or improper adjustment in the 
machinery. If this is suspected, it is a simple matter to connect a 
portable watt-meter in circuit with each motor in turn, test-terminals 
and detachable links being provided for this purpose when the 
machine is installed. The trouble can thus he located and remedied 
promptly where, otherwise, serious damage or long-continued waste 
of energy might occur. 

As a means of recording machine operation, contacts may be 
arranged so that they are closed when, and only when, the machine 
is productively employed. The design and arrangement of these 
contacts must be adapted to each type of machine, and it must be 
impossible for them to be tampered with. Each contact is in one 
of the circuits of a multiple recorder which draws a line on a 
moving hand of paper, calibrated in hours, as long as the machine 
is actively employed. This supervisory system is, of course, equally 
applicable, whatever the method of driving the machines. 

The cost of electrical energy for driving purposes is often so 
low in relation to the total costs of production that it may seem an 
unnecessary refinement to pay much attention to its actual value. 
The fact is, however, that the consumption of energy in any 
electrically-d riven plant stands in a definite relation to the overall 
efficiency of the driven machines and the volume of their output. 
The readings of the electricity meter therefore constitute a valuable 
index of efficiency and output. 

748. Group versus Individual Driving. — Strictly speaking, 
electric driving is necessarily individual driving, for, whenever 
a group of machines is driven by a single motor, there is necessarily 
a mechanical transmission between the motor and the driven 
machines. The more extensive the group, the more nearly do the 
characteristics of the drive approach those of mechanical driving 
from a steam engine or other prime mover, The use of a separate 
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motor tor oach <lrivcn niacliino (mabloK fnll advnntajjje to be taken 
of the flexibility ainl eoiwi^nionet^ of driving-^ and eacli 

machine can, bo. placed whor(^v<ir it <^an h(‘ n.sod inoKt effectively 
ttronp-driving, on tlie other luiini, is only < ‘onnomical I y applicable 
to niacbinoH sitnated eoin])arativ(dy clo.so togod.lur and within easy 
rcmch of on(^ or a r<nv litioshafts. (b-oup-drivi ngr naturally offers 
tlic easi(^Mt nxuiius of ‘ (d<‘otri Tying' ’ an existing inochanically-dmen 
eHtablishniout, a,n <doctrio motor b(dng dinset- or ludbconpled toeact 
linesbaft or pair of lineshafts; or tho linesljafts Inung f^livided into 
lengths with a <lrmng motor for eacdu dliis arrangement approxi- 
mates more nt^arly to tlu^ original nnadianicnl drive, the larger the 
gronx)B rotairn.Ml, 

The main argunu^.iit in favour of group-driving is the saving 
edbeted in the first cost of thes motors and (‘ontrol gear required* 
against tliis must be set the cost of shafting, pulleys, gears, safety- 
guards, and other cquijnnont n<HMle<l to distribute ]K)wor from the 
group motor to the didvon maelnues. As sliown by Tables 128, 
§ 71 I, small motors are ndativtdy more costly than those of 
higher power. Ten I H.P. motors may cost about three times as 
inxich as a single .10 motor, and in gron])-<lriving it is quite 

likely that a single T-J H.P. motor would suflic.c^ where ten 1 H.P, 
motes would bo needed for- individual <lriving'. The matter is one 
of diversity factor (§ 262, Vol. 1). A motor <lrivixig a single 
macMnc must be cai)able of <levelo]mig the maximum H.P. required 
by that machine, Imt tho maxittmm H.P. r(*(|uired hy a group of 
machines is almost invariably considerably h^ss than the sum of the 
individual maxitua. Conditions vary widely, but in an average 
case it may be found tliat twenty 10 ff. P. individual motors cau 
be replace<l by a lOO group nu)t{>r ctapabUi of withstanding 
50 per cent overload temporarily. 11)0 biglioi' tlio <liver8ity factor 
of a group of machines, the greater the opporbuiity for reducing 
capital expenditure by group-driving, but oidy those machines 
should be grouped wliich will provide a nwisonahly uniform load 
during the whole time tho motor is nmning. In other words, the 
grouping should not be such that tho driving motor has to be ruu 
for considerable periods in order to drive one oi* a few smal 
machines; under such coiulitiona the group motoi' would operate 
at very low efRcieixcy and (if an A.O. machiiAo) ix)wer factor. 

There are certain frictional loHses, intlio mechanical tx-ansmissioB 
of every group-drive, which remain almost constant, regardless ef 
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the number of machines actually in service. The effect of these 
losses on the overall efficiency becomes more serious, the smaller the 
number of machines in action. 

For example, suppose that eight machines, each req[uiring 2 kW on full- load, 
are driven by a group motor which absorbs 3 kW when driving the transmission 
shaft and loose pulleys alone, the eight machines being out of action. The power 
absorbed by the group-drive itself is then 50 % greater than that required to drive 
one of the machines at full-load by a direct-coupled individual motor. With one 
machine in action from the group-drive the input to the group motor must be about 
3 4. 2 = 6 kW or 2^ times the power required for individual driving of a single 
machine ; the efficiency of the group drive in this case is about 2/5 or 40 % 
(leaving out of consideration the efficiency of the motor itself which is higher for 
a small, fully-loaded individual motor than for a larger partially-loaded group 
motor). When four machines are in action, the group motor absorbs about 
3 4- (4 X 2) = 11 kW, and the efficiency of the group-drive is about 8/11 or nearly 
73 % ; whilst, with eight machines in action, the group motor absorbs about 19 kW 
and the efficiency of the group-drive is approximately 16 / 19 or 84 %. Actually, 
the mechanical losses in the transmission increase somewhat with the load, but this 
iuerease is far more than compensated by the increase in the efficiency of the group 
motor at higher loads. With individual motors, any number of the eight machines 
considered could be driven at full-load with the same efficiency, viz. that of the 
individual motors. 

In addition to the capital economy effected by the group-driv- 
ing of machines of low or medium H.P., there will often be an 
appreciable reduction in running expenses, for the efficiency of a 
large motor running at a fairly steady load, amounting to, say, 
75 of its rating, is appreciably higher (possibly 5 or 10 %) than 
that of a small motor running at a variable output, often 50 (or 
less) 7o rating; also, the supervision and maintenance of a 

number of small motons cost more than those of a few larger 
machines. The power factor of a group motor is generally higher 
than the average P.F. of a number of individual motors (§ 158, 
Vol. 1). 

On the other hand, a breakdown in a group-motor or its 
transmission system involves shutting down the whole group of 
driven machinery; this is a serious consideration. Emergency 
stop buttons can be provided so that a group motor can be stopped 
in emergency from one of any desired number of places, but, in 
the event of such a stop, the whole group of machines is thrown 
idle, and, owing to the inertia of the many moving parts, the stop 
cannot be as rapid as in an individual drive. 

Again, group-driving involves retention of lineshafts and 
belting which can be more or less completely eliminated by 
YOL. in. 273 18 
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individual drivin^r Apurl, rrom tlu. ....is,* and nh.stmetion nf ,• 
nhaltH an<l liolis then* i.s ii wa.sfc(^ ul' t'lUTjfy 1»\- ri'i<!t,i()n T r 
driviui^ docw uot always (diininadi unH’hani(;'aI .spiscil redi!!.r 
belt, chain or ^nair, tlic ecouoiaic H])o.>d of Hniair«Jeetric 2tS 
bem^r often In^her tl.au the ,leHir..d speed of tlu, driven 2,^ " 1 
but, even wlierc sucli spiaai l•(.du.•.ti<..l i.s r.sinired hdn2'M 
involve HO imich IVxetional Iohh a.s a liaoMhaft and its 'belfM 
there need b<. no t.n-sional ‘ whip ' in an iudivi.Iual drive bui^' 
in inevitable m a linoshaft under variable haul where’ 2!^ 
appreciable flui-.tuations in .speed. Id,,- thi.s reason, a iiigher splT 
with an increased output ol' libber .pudity, can often be maintS 
by u-siiiff uidivnlual instead ol p^roup-drivin^r ; the driving of W 
iH a case iii point. ^ “ 

SuininariHing the preceding reinarks, it may be said tint 
p-oup-drivmg makes i.(>s.sible eonsi.h.rahl.* ceonomias where a 
fairly steady average loud is avnilahl.^ from niael.iuo.s coiivenientlv 
situated and making no stringent demamls as regards constancl 
oi Hpecl. On the other hand, imiividnal driviHg il 
where Tiiaclunes are .scattered or not in line: where loads 1 
•re^nilar or intermittent ; and where eonstanev of speed Id 
llexibility of, speed control are imis.rtant. If, howevw, these 
possihilities ol individual driving are to he realised, the motor 
must he chosen to suit the characteristics of the load, for it is 
100 “/ ?t ‘ "‘2 ^ nxclusively to tlnna. For example, s 

**' normally absoi-hing 5 H.P doubles 

the load on a motor driving it in.livi dually, but represents onljr 
) /„ increase in lead on a group motor wliieh is ilevelopuig 60 
H.P. prior to the moment considered. ^ 

“‘'lividualmotoB, 

Wv 2 «*-<mp-driving but, on the oou- 

d machine (and even eadi motion 

ol the machine) its own motor. 

noin^f; ® Characteristics—Though the 

everv ov-er oo<ed, it is desirable that the characteristics of 

eamly and efficiently adjustable to those of the load which it drives. 
hJm particularly important in the case of individual driving, 
sindp Tn 1 ^' t^cn to deal with the requirements of a 

ll.f equalising effect of a group load (§ 748). 

le motor charaetenstias must corresiioml to tlio.se of the iLd in 
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certain respects ; for example, the starting torque must be at least 
equal to that required to set the load in motion (unless the motor 
can be started light, by means of a loose pulley, friction-clutch, or 
equivalent device). Similarly, the motor must be capable of 
developing the maximum output required by the load, and for the 
desired period. In addition, and these are the less obvious require- 
ments, the motor must he capable of developing the desired torque 
and horse-power throughout the range of speed regulation desired, 
and, for capital economy and operating efficiency, its characteristics 
should approximate as closely as possible to those of the load 
throughout the range of working conditions. 

Where heavy overloads may arise allowance must be made for 
the fact when choosing the motor; conversely, a smaller machine 
may be selected for a service in which no serious overload is 
possible, e.g. driving a compressor at constant speed with constant 
delivery pressure. 

The speed, and the range and degree of speed control required, 
affect the selection of motors, as explained more fully in § 750. 

Where there are cyclic variations in the torque of the load, e.g, 
in compressors, and synchronous motors are to be used, care should 
he taken that the frequency of these variations does not coincide 
with the frequency at which the motor tends to ‘ hunt ’ (§ 679). 

In low power, high-speed machines, the normal torque is small, 
hence any increase in the torque demanded by the load itself, or 
imposed by increased friction in the glands, etc., of the driven 
machine, may represent a serious increase in the horse-power 
required from the driving motor. If the overload capacity of the 
motor be chosen to allow for this, the machine becomes larger and 
more expensive ; also, it operates under normal load at lower 
efficiency and power factor. The alternative is to use a motor 
suitable for the normal load, pay special attention to frictional and 
other adventitious loads, and use fuses or an overload release 
setting which will shut down the motor directly the legitimate 
maximum load is exceeded. This may be the best course so far 
as frictional overload is concerned (the consequences of this being 
specially serious at high speeds), but in. order that production may 
not be hindered directly the load itself is increased, it is probably 
best to install a motor of liberal overload capacity and cover the 
frictional risk by close supervision. 

It is not always realised how great an effect the torque-speed 
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. i-cquir(((i t,(Mlriveit. Tli 
n t,h<! n comtant-tornoe 

nicninK-iitiiiif paiini 


eharactdristicof tlu! l(>a<l Iiuhoh tin: U.P, 
point iH illuHtnicod ])y ;{H4. [„ 

<lnv«, e.(j. a I’rictioiial loail, or u rocipnx-atiii.^ p,m„, T" 
a^ramat constant j.roHsun:, tlio lior.so. powor 
X .speed) v'ario.s linearly with the .speo.l, a.s ,sh„w„ hy curve a'’!! 
the tor.iue wm: to vary in direct pro,H)rtiou to the eceed t 
horae-power wo.dd vary with the .square, ot the .speed, « JcurJ 
ihe torque j-e,pnro<l hy a fan, cci.tril'u^nl j.uiup or propeller vark 
witlr the .s<piare, and the luu^e-power with the cube of the sJ 



Pia. 8B4. KiTocit of torquo-Hpcuxl law on II. p. m[nirotl for drivine at 
vanouH HpoodH, 


(curve O) ; and in a ca.so wlioro the toispio x'arioH with the cube 
the liorse-power vanes witli the fourth power (if the speed (curve 
). A speed variation of ± 20 "/„ involves ± 20 “/„ variation in 
Jl. . m the case of a con,stant-tor<xuo drive, but froin about 73 7 
above to nearly 50 below normal H.P. when the tourae varies 
with the square of the speed. 

Clearly, if the speed of a driven machine is to be varied, for 
whatever reason, it is essential that the ettect of this change on 
e oique and horse-power should be known, in order that the 
driving motor selected may meet the requirements. In particular, 
1 mus e certain that a variable-speed motor is capable of developing 
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the requisite horse-power on its lowest speed; and the motor 
must be capable of carrying the current needed to develop the 
desired torque when running with reduced field. 

For best results, primary consideration should be given to the 
conditions which must be fulfilled in order that maximum output 
or service may be obtained from the driven machine. Whatever 
these requirements, they can be met by electric driving, and it is 
almost invariably better to obtain maximum production or highest 
service than to obtain a smaller return at less cost for equipment, 
energy, or both. 

750. Choice of Motor and Drive.— The selection of an 
electric motor for any industrial purpose involves consideration of 
mechanical features and characteristics (speed, reversibility, coupling 
or gearing, etc.) as well as the electrical type of the motor itself. 
Mechanical and electrical reliability is of the highest importance ; 
even if the safety of men is not involved, a single breakdown is 
likely to cost more by interruption of output than the difference 
between the capital or running costs of any alternative motors over 
a long period In some instances considerations of reliability will 
dictate the use of one type of motor or drive in preference to another 
capable of performing the same duty, but the reliability of all 
electric motors by reputable makers is such that the choice between 
them can usually he based on their normal operating characteristics, 
with full assurance that these characteristics will be maintained in 
service. 

The following paragraphs are devoted to mechanical considera- 
tions, including couplings, gears, flywheels, etc. (§ T51); the choice 
of motor horse-power (§ 752); the selection of the electrical type of 
motor (§ 753); and notes on the influence of electricity-supply 
conditions and restrictions (§ 754). 

7Sr. Mechanical Considerations in the Selection of Motors 
and Drives. — The first point to be decided is whether gro'wp or 
indimdwal driving should be employed, and this question has 
already been discussed (§ 748). The next decision concerns the 
type of enclos'wre to be adopted. This is settled by the conditions 
under which the motor is to be used ; the . standard types of 
enclosure are specified in § 670, which will enable the appropriate 
type to be selected in any particular case. 

For most purposes a horizontal-shaft motor will be employed, 
but the possibility of a verticculr'Shaft motor being more suitable 

9ni 
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Hhowld be oomidortid, A vertical iii()t<ir 
avoids the use of liovel KoariiiK, hi .tnvin|r a centrif 
hydro-extractor, some of the .notions of u j.lanin.r machinf ® 
Hhait grinding inaclnno, and ho on. In 

a pump has to bo <Irivon in a sumi,, a ve.-tical n.otx.r caiH 
lu a <lry, acco.sHiblo,K.sition whilst driving the vertical shi ' r 
or a vortical .snbmersihlo motor n.ay ho couple. 1 dircct^ft^ 
and submer^^od within a small hore-hnlc oi- other cow'J i o 
The whole wei,d.t of tlu. rotating, parts ..f . . . oto 

'nachme can l>.i carried by a suspoisio,. thrust If oT" 

of the vortical motor ; this is often a,, i.npo.-tant advanW ^ 
ino actual, of (Jh^ nudur will i ’• 

upon its horso-p.wor and spoe,l. and to a less (^xt.u t’lu oSf 
audonclosure. In the inte.-osts of capital exp.m.litn c Xl '1^' 
ical inamtonance, standard sims of m ,t„rH should h.v ns! I i! 
IKissiblo, and. when new .Irive.i maeh ^^Wever 

location of .sliafts an, 1 the siatce p.-ovi,Io,| fn,- uKitmrSiras? 
as possiblo consistent with the .linnmsious of standard, motors ^ A 
gw, I (leal of, unnecessary expense and inconvenience are occasioned 

ecXomSly bv lit ■ ^ '«> ™re 

lorreeonm!l«n i "if l>«riod it is 

Te comXZ ««:‘tinually tl, -unload’ 

The influenf^f. nf ^ ►‘^^ction or opc^uiug ifcn delivery valve. 

laminations welded’ together” Hquirrol-oago motors with stator 

thus reducing the Sfr tf a .Sml*” f hf H 
planers and similar wood-workinc maoliml» • f ! »""<»»< are intended for wood 
frame and the rotor is oonnled di»n,,tT '”®" ’ is built into tlio maohine 

developing 3 and 5 H.P. at i COO r n m Ira 01 '° Motors of this type 

and 6 ins. long respectively. ThI n^ibiHL’lf “ ^ 

depends “POB tiniely oonsideLiori of limXsions machines obviously 
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Whether the motor speed is to he constant or variable, it is 
generally advisable to use a high-speed motor in preference to a 
low-speed machine, without, however, ^oing to extremes which 
would necessitate a motor of special construction or a reduction 
gearing of abnormally high ratio. Within commercial limits, a 
given motor carcase can be wound to develop four or five times 
the horse-power at its maximum speed that it can develop at its 
lowest speed. For a given output, high-speed motors are materi- 
ally lighter, cheaper and usually of several per cent, higher efficiency 
(and power factor, if A.C.) than low-speed motors. 


For example, the efficiencies and power factors of a certain series of 15H.P., 
200 Y, 50-oyole, 3-phase induction motors of various speeds, are as follows : — 


Speed, R.P.M. 

500. 

1 OOO. 



1 500. 

2 000. 

3 OOO. 

Full-load efficiency, 
Full-load power factor 

82 

0*80 

86 i 
0*86 1 

87 

0-89 

87*5 

0*90 

87 

0*90 


Even where it is necessary to employ high-ratio reduction 
gearing .between the motor and the driven machine, the cost of 
this gearing and of the frictional loss therein is fully justified by 
the saving on the high-speed motor. Machine-cut gearing, properly 
heat-treated, is relatively expensive, hut its mechanical efficiency 
may be as high as 98 7o- very high speeds, A.C. synchronous 
and induction motors are more economical in upkeep than com- 
mutator motors (whether D.C. or A.C.), but, at ordinary speeds, 
the difference is not serious provided that the correct grade of 
brushes is used in the commutator machines. 

Where speed reduction is required between the motor and the 
driven shaft, the choice usually lies between belt, rope, chain, and 
toothed gearing, with hydraulic transmission as a valuable alterna- 
tive for special cases. 

If the range of speeds required at the driven spindle is greater 
than can economically be provided by field variation, or other 
electrical means, stepped or conical belt pulleys or change-speed 
gearing may be used between the motor and spindle to provide two 
or more basic speeds, each of which can be varied by motor control 
(over a range of from 1-J to B : 1) so as to cover completely the 
whole range desired. Where only a single speed ratio is required 
between the motor and the driven shaft, the actual speed still 
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bein« varied eloctricallj if .lenin.!, n flat, helfc drive ,uav l,e . , 
mtk a jockey or ‘Lei.ix ’ pulley t„ prevent helt-alip -f 
controa ho clo.se. Alternativ<dy, a Indt of traiMs/oidHl’^ 
may bo Tiaed, ruimine- on p^nloved ])ulley,s; thi.s arranve?^'!® 
cdioap an<l aatisiaotory iu aueb caHoa aa fiiat of a eortaifr? “ 
machn.o ^vl,oro a J-H.P. motor with a pulley of 2” 

<hamctor drivoH a !>,l-in. pulley, obtain injr a 4 : I apoed 
with abaft contima only I (U ina. a] ,art. F,7r ,lri vms of S 
a «i out chain maybe uao.l to obtiin an .dlieitd : oSretT^ 
o b,f,di-.s,.eod_ ratio. An imiKa-tant a.lvanta,ire of bolt 
the alippm^roi tlm b<-lt which ro<lueca the ahock and ovork^^" 
t m motor in the event of abnormal reaiatanec. bciufr encounLd 
on the driven .shaft. When, a po.sitive drive i.s obteinTtI! 1 
a chaui or ^rear-whe<,l,s, protection sbouhl be obtained i S 
of a friction clutch; or tin, drive mav be ttiw,,, .k ^ "se 
placcablo sl.oar pin. Nothin,, lint 

tvor he ,..h, -it,;f:he!;i,:,,!rrr;: 

the tmct,m, „f ,h„„ pi„ ^ 

iutl^r^nZ"''' "-I ««iblt 

swes forni very conveniont unita for low-.speed drivinir S«U 
greater reduction may bo obtained by the lie of worm marine 

01 .ra . 1 . Iho sted worn, ilnvra ,, pli„«,,l„„--bi„„a„ worm-wli«l 
.nd ™ m «„ oil b.th. fc. the «ak. of dlidmny. it m J » 

worm gear which is cub very accurately and Iniilt from the best 
tTe rs: - conaidera?e M 

Smy onbe «« I "/o added to the 

c^cerTed w '• reduction of tin, power bill is 

means as^tbrl ®»8y 

care in the sele ^r*’**^ correct belt tension, ■ 

S rolL bea? "“d/rection of gearing, and the use of ball 
or roller beanngs, are often overlooked 

usuall^ of s^eec? variation by electrical means is 

usually about 4 : 1 (sometimes 6 : 1), and even this involves a 
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relatively heavy motor if full, or nearly full, H.P. has to be main- 
tained at the lower speeds. If full H.P. has to he maintained at 
^-speed by a direct-coupled motor, the torque must be four 
times that developed at full speed; this subjects the motor to 
correspondingly increased mechanical stresses, and the electrical 
and magnetic circuits of the motor must be of such dimensions 
that the requisite current and field can be used to obtain the 
higher torque. On the other hand, where the desired range of 
speed is obtained by variable-ratio gears, the higher torque at the 
lower speeds is obtained by the purely mechanical action of the 
gears themselves, the motor continuing to run at high speed and 
low torque. For this reason, change-speed gearing should be used, 
if possible, where full power is required over a wide range of 
speed, a moderate degree of speed variation being provided in the 
motor itself, to secure continuous gradation. If the H.P. required 
decreases with the speed it is neither diflScult nor costly to provide 
a wide range of speed variation by electrical regulation. 

An interesting method of providing for a wide variation in 
driving speed and power consists in using two motors in con‘- 
junction with epicyclic gearing. For maximum speed and out- 
put, both motors are operated at full speed ; they then assist each 
other in driving the load, the epicyclic gear serving merely as a 
mechanical coupling between the two motors and the load, with 
the important advantage that it does not place any constraint on 
the motors should they not he running at the same speeds. In 
order to drive at reduced speed and power, one of the motors is 
disconnected from the supply ; the other remains in circuit, and, 
the epicyclic gear being now operative, the load is driven at a 
reduced speed. One of the applications of this system is in driv- 
ing a to-and-fro aerial ropeway, the lower power and speed being 
used near the end of the run in order to facilitate accurate stopping 
of the car or bucket.^ Another application is in the accurate 
landing ’ of lift or elevator cars. By varying the ratio of the 
horse-powers of the two motors, and the ratio of the gearing 
between them, the principle explained may be applied to a variety 
of conditions. 

Friction clutches are used to enable a motor to ‘ pick up ’ its 
load gradually, or to prevent excessive mechanical shock being 


See Zeits. (i«s Vereins. deutsch. Ing., Vol. 71, p. 1754. 
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. 7 '— ^ 

any form of mechanical i-evensiim ;ea • wi! / 7" 

?’o?!Co?rtL’r'*"’'' I.’''”'’"’’'"''’ «l<>ttinf!'la?hforatdt 

rotating nmtoru;;:,:;^^ 

’..achines, the hcl may l,o reverse, 1 hy means oNiolt-shifZ! 12 
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i thf Krinr" “ I'-i" «■ .41.^; 

part wh^ci? is to h or tri^r^mrs, tripim.l hy the he, I or otter 

circuit of a motor r 1 reversiu^r switches in the 
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dv?,7^- I * ’“ovmfr parts can }.o ahsorhe,! rapi,llv by electro- 

icirilrtkiSir-'?" ‘''”"'l»‘te,i as heat in a 

resistance, or returrre,! to the supply mains in the 

allow the latter be run'li!ht'*a's°* ”7 liotwoon water turbinoB and generators, to 
the double-cone allsnZ Se A iSTtT- "7’™, '"J 
300 r.p.m. weighs less thanTt^f .i. i , * *[ 00° H.P. at 

(See also JSl. Bev., Vol. lOO p 1039 ) ®'**”rliR about 2^ kW D.O. for excitation. 
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case of regenerative braking (§ T15). A reversible motor eliminates 
the inertia of the mechanical reversing gear otherwise required and 
is capable of reversing at a speed which could be equalled by no 
mechanical device except, perhaps, by a costly hydraulic trans- 
mission. Striking examples of reversible motors are to be found 
in electrically driven rolling mills. 

In any reversing drive the moment of inertia of the moving 
parts should be kept as low as possible, in order to reduce the 
mechanical shock of reversal and keep down the braking and 
accelerating currents. The moment of inertia of the load itself is 
presumably a fixed quantity in any particular case, but the 
moment of inertia of the motor itself can be reduced by using an 
armature or rotor of small diameter. In other words, a motor with 
a small number of poles and a long armature is preferable to a 
multipolar machine with a shorter armature of greater radius of 
gyration. 

The object of flywheels^ as applied to electric motors, is to 
equalise the demand on the supply mains by storing energy in the 
flywheel during periods of light load and utilising some of this 
energy to assist the motor during periods of heavy load. In order 
that this action may be possible, the flywheel must be able to 
accelerate during the periods of light load, and slow down during 
the periods of heavy load. If the flywheel is mounted on or 
connected rigidly to the shaft of the driving motor, the speed of the 
latter must vary with the load, otherwise the flywheel can render 
no assistance. In some cases, however, the main motor may be a 
constant-speed machine, the flywheel being driven by an auxiliary 
motor which is subjected to regenerative braking (§ T15) during 
periods of peak load ; the flywheel then drives the auxiliary machine 
as a generator assiKSting the mains in supplying the principal motor. 
In any case, flywheel storage can only be used to equalise the 
demand when the motor driving the flywheel can he varied in speed 
either by its inherent characteristics or by artificial means {e.g. 
automatic variation of slip-resistance in the case of an induction 
motor). Where it is properly applied a flywheel makes possible 
the Uvse of a smaller, cheaper motor than would otherwise be needed 
for a fluctuating load. On the other hand, a heavy flywheel is 
expensive in itself and as regards the bearings required for its 
support. There is appreciable loss of energy by friction and 
windage, particularly in the case of large, high-speed flywheels ; 
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and most of the energy in the flywheel in lost every time tK. 

18 stopped. For these reasons, it is diffieult to use flv 
economically with motors which operate very intermittentlv 
Though a synchronous or synchronous- induction ior i 
definitely a constant-speed machine and therefore incanai f 
benefiting from the use of a flywheel to e<inalise jicak loa^ aV 
wheel may be used to reduce the liability to hunting or 
out of synchronism when driving air compressors or othel load 
having_ large cyclic irregularity, Lr. varying widely duiS. elt 
revolution of the driven machine. For a lull treatmomt of fl^heel 
storage, see §§ 828, 829. uywneel 

752. Choice of Motor Horse-Power.— .'rho bases of ratim 
for various types of electric motors are explained in S 670 froJ 
vrhich it will be seen what is meant by the ‘ liorse-pwer ’’of an 
electric motor. For maximum economy, the horse-Dower of 
motor selected for any drive should not be greater thali is required 
to enable the driven machine, or machines, to bo operated under 

a motor, rather than risk overloading it or, alternatively restrkt 

htrse^^er 

consfderyv operate 

example, a 50 H.P. induction motor of 90 'V elliciencv and O'SS 

either fail to^ken +h *0°. a motor will 

■wifi be danfferniiql^ ^ rated output or it 

of A C mow l? n . «««tained overload. In the case 
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^nsidered, par cularly where individual driving is emnloved- a 

normal fuU load fn visually between 2 and 2^ times the 

life “ **'» H.P- dem.„d«i b, 

‘7 ”■ “ "» ““J to 

motors is as high arXoE of modern electric 

« > dS: 
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machinery sometimes state too low a value for the power normally 
required to drive their machines, with the result that a motor 
selected on this basis would be peTma?ie'ntly overloaded. The 
remedy is, of course, to insist upon witnessing measurements of the 
power absorbed by a motor driving the machines in question under 
service conditions. A certain addition, say 10 or 15 7o> should he 
added to the observed figure to allow for contingencies, including the 
fact that the demonstration machine would doubtless he specially 
tuned for the occasion. . 

In some cases, as, for instance, in hoisting or pumping, it is a 
simple matter to calculate the power theoretically required; this 
value, divided by the mechanical efficiency of the driven machine, 
gives a value for the motor-H.P. to which 10 or 20 7o ^^7 
added at discretion to cover contingencies. A much safer method 
is, of course, to drive the machine temporarily by a motor which is 
known to he of ample power, meanwhile recording the power input 
by means of a graphic wattmeter. Ordinates from the chart so 
obtained are multiplied by the efficiency of the motor, corresponding 
to each value of kW-input, in order to determine the mechanical 
power absorbed by the driven machine. 

For example, a 20 H.P. motor may “be used temporarily to drive a macliine which 
is believed to require about 10 H.P. Prom the wattmeter chart it is found that the 
input to the motor is 11-2 kW when the driven machine is working under the desired 
conditions. From a curve previously prepared, showing the efficiency of the motor at 
various values of kW-input,* it may be found that the efficiertcy of the motor is 80 7o 
at 11*2 kW input. The motor output is then 0*8 x 11*2 or 8*95 kW, which equals 
8-95 / 0*746 or 12 H.P. Hence the power actually required by the driven machine 
under the conditions of test is 12 H.P. 

Where a D.C. motor is used for the above test, a recording 
ammeter may be used instead of a wattmeter, but with an A.C. 
machine it is simpler to use a wattmeter, because this automatically 
takes account of the power factor of the motor. 

If the driven machine requires a continually varying input, the 
root-mean-square (R.M.S.) value of the latter should be determined 
by: (a) squaring the ordinates of a recording ammeter chart and 
plotting the results as an P curve; (6) determining the mean 
ordinate of this new curve and extracting its square root, thus 
obtaining the E.M.S. current value which determines the heating 


* This special curve can be easily calculated from the eWLcieixGy’-oiit;ptit curve if 
the latter is the form initially available. 
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much below its maximum speed, its temperature rise at stated out- 
put is considerably increased by the fact that a higher torque, and 
therefore a heavier current, is required to develop the same power at 
the lower speed. • Even when working with the same current at 
both speeds, the heating is greater at the lower speed because of 
the smaller cooling effect o£ the decreased windage. Similarly, a 
motor which is used for regenerative braking is subject to continued 
heating during at least a part of the time when it would otherwise 
he electrically idle and therefore cooling. For either or both of 
these reasons it may be necessary to use a larger motor than would 
otherwise be required. 

The importance of determining the actual power requirements 
of the load is particularly great where A.C. motors are to be sub- 
stituted for D.C. machines as a consequence of charge-over from 
D.C. to A.C. supply. The natural tendency might be to install 
A.C. machines of the horse-power stated on the name-plates of the 
D.C. machines, but it should be remembered that': (a) the D.C. 
machines may he unnecessarily large, in which case smaller A.C. 
motors would operate at higher eflSciency and power factor, besides 
reducing the capital cost of the conversion ; (6) on the other hand, 
the overload capacity of many existing D.C. motors is considerably 
higher than that of new A.C. motors, and if advantage has hitherto 
been taken of the high overload capacity of the older machines it 
will be necessary to replace the latter by A.C. motors of higher 
rated horse-power. Measui^einents of the actual power require- 
ments are the only basis on which technically satisfactory results 
can be guaranteed. Even so, it is advisable to ascertain, in case (a), 
whether the consumer will be satisfied with the smaller motor which 
will give him better service, or whether he will insist on having a 
motor of the same horse-power as before. In case (6) the supply 
authority would be well advised to install a larger motor if necessary 
to ensure satisfactory service ; the consumer should not be penalised 
for the fact that the rating of his old motors are on a more conser- 
vative basis than that of the new machines. If his old 5 H.P. motor 
has been running satisfactorily at 8 H.P. he should be given an 
8 H.P. motor in its stead or, if it can be arranged, a cash indemnity 
leaving him to buy new motors on his own responsibility. 

753. Selection of Electrical Type of Motor. — The general 
aim should be to use that type of motor which can be started most 
easily and used with maximum overall efficiency in the service 
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concerned. As explained in § 749, the motor should have as n ■ i 
as possible the same torque-speed characteristics as the load p 
main types of characteristics may be distinguished, mz. ■ (i) o 
(2) shunt; (3) compound; and (4) synchronous.’ Chara^eri^r ’ 
of the first three types may be obtained from D.C. and I n 
machines, but the synchronous motor i.s essentially an A C mach' 
Motors with a series charaoterisiic are distinguished bv 
high-starting torque and by the fact that their speed deereL, 
the load increases. The prototype of this class is the D.C 
motor. The A.C. series commutator motor has the same cba^a? 
tenstics. From the point of view of choosing a suitable motor in' 
convenient to say that a load has aeries characteristics when it 
could be diiven satisfactorily by a D.C. series-wound motor’ anl 
that a motor has series characteristics when its torque suei.^ 
characteristics are similar to those of the D.C. series motor reoLd 
less of whether the motor considered is actually series-wound 
Similarly a motor may be said to have slmnt characteristics or 
compound characteristics when its torque-speed curve resembleJ 
that of the D.C. shunt- or compound-wound motor, regardless nf 
whether the actual motor is for D.C. or A.C., and whether it has 
or has not shunt or compound connections. 

Motors with a shunt charaoterisUc are distinguished bv a 
close approximation to constant speed on variable load, the actual 
speed decreasing slightly as the load increases. Motors with cmi 
pound ciMTacter'isUcs may correspond to tlie D.C. crnnuLativeh. 

tiiat of the shunt motor but less than that of the series motor 
decrease of speed with increasing load is also greater 
than that of the shunt motor but less than that of the series motor- 
or they may correspond to the D.C. dhfferentiaUy-<,om^x,rdA 
motor in which the effect of the compounding is to maintain practi- 
cally constant speed at all loads. Motors with synohronoJ char. 
^t^r%8t%cs run at an absolutely constant speed determined solely 
supply ^ frequency of the A.C 

chool^T*^" lias to be started frequently on load, it is essential to 

but where a machine is to run for hours or days at a time easy 
starting becomes a secondary consideration. For example, ihe 
D.C. series-wound motor is by far the best type Ibr traction and 
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similar service ; while, before the self-starting synchronous motor 
lad reached its present perfection, the inconvenience of starting 
ae plain synchronous motor was rightly considered of minor 
nportance compared with the high P.F. of the machine where 

Eg-hour service was concerned and arrangements could be made 
j iSiart the motor light. 

The choice between D.G. and A,C. motors is determined partly 
by considerations of weight and cost, but mainly by the operating 
characteristics of the alternative types of machines. There is no 
marked difference between the efficiences of D.C. motors and poly- 
phase A.C. motors, the difference seldom exceeding 2 or 3 % in 
machines up to 50 H.P. (less in larger machines), and being in 
favour of one type or the other according to the details of the 
design.* Up to 5 or 10 H.P. polyphase induction motors may be 
from 20 to 30 % lighter than D.C. shunt motors for the same 
power, voltage and speed. For an output of about 50 H.P. the 
polyphase induction motor may be about 15 to 20 lighter than 
a D.C. shunt motor of the same voltage and speed ; but it must 
be remembered that A.C. induction motors can easily be built for 
much higher voltages than D.C. motors, thus effecting a further 
saving of weight. On the other hand, the speeds of induction 
motors are determined by the number of poles and the frequency 
of supply (about 1 450 r.p.m. for a 4-pole machine, 725 r.p.m. for 
8 poles on 50-cycle supply, and so on), whereas a D.C. motor is 
subject to no such limitation, and may therefore be chosen for the 
exact speed required by a particular drive. The fact that induction 
motors have no commutator is a consideration of some importance 
when the machines are to be used in explosive atmospheres or 
otherwise unfavourable positions. The risk of an explosion being 
caused by sparking at a slip-ring is practically as great as that of 
its being caused by sparking on a commutator and, in either ease, 
a fame- and explosion-proof casing prevents the explosion from 
spreading. From the point of view of explosion risk there is little 
to choose between commutator and slip-ring, but the squirrel-cage 
rotor gives absolute security. As regards maintenance, however, 
under conditions which are. dangerous or detrimental the comT 
mutator is at a disadvantage compared with the slip-ring. 

* The same ‘ carcase ^ can generally be used for several different speeds and out: 
puts by using different windings and connections. This effects a reduction in the 
costs of manufacture, but the efdciency of some of the. machines is lower than it 
would be if each machine were designed solely for its particular output and speed* 
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As regards load-speed characteristics, the equivalence hot- 
p.C. and A.C. motors is roughly as follows; (1) Th ^ 
mduction motor with short-circuited rotor (whether squirr 
• or phase-wound) has a load-speed curve resembling that of th, nt 
shunt-wound motor; with the important distinction that tt.^ 
of the D.C. shunt motor can be set to any desired valufSl'^^l 
continuously within a wide range, by field control (2)’ The To 
synchronous motor is inherently a constant-speed machine 
nearest approach to it in D.C. practice is the level-comnn ? 
^ifferenbally-compounded) motor. (3) The characteristics 
D C. senes motor are practically identical with those of the sinT 
phase A.C. series motor; and the repulsion motor has siJ! 
characteristics, with the advantage that it does not race onS 
load. (4) The load-speed characteristics of the D.C. cumulativl 
compounded motor can be duplicated by the A.C. induction motor 
with a slip-regulator. (5) The characteristics of any type of D n 
motor can be obtained from one or other of the many spLl t^ 
of A.C commutator motors, but most of these machines areS 
siderably more complicated and expensive than D.C motors 
The characteristics and control of individual types of motor, 
are discussed in Chaps. 28 and 29, where also the ^plicationsT 
the various motors and methods of control are consiLred. He 
oUcwing notes will be found useful as a guide to the aeleciion of 
motors to meet stated requirevvents, e.g. constant or variable md 
starting torque, fluctuating load, rapid reversibility, high 
power factor, high efficiency, and so on. 

generaUy falaT oharaoteristios on load an 

0® efficliic; idTn inveataent, lo. 

waximtira P.!-. aid efficiency af 76 '>/ ^iTted outpT'TdT ' T 

to see r* 131 j i-ah 6 a output, and it is always advisable 

•tr. ti “ “I « 75-,: 

' j ^tere its operating characteristios are acceptable, the A C Rr»iiirr«i nowa 

““‘“t or nearly constant speed ic reqnired. 

ie-^ily the beet type ac regard, 
r pe , s speed is determined absolutely by the frequency of the A.G. 
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supply (§ 679), whicli is held constant within very close limits by every public supply 
station. It may be noted, however, that there is appreciable risk of the alternator 
speed, and therefore the supply frequency, being allowed to vary in private power 
plant, particularly when there is only one alternator in service. 

For many purposes, the D.C. shunt motor (§ 675) may be regarded as a sub- 
stantially constant-speed machine. The same is true of the A.C. induction motor 
(§ 681) when this is operated with a short-circnited rotor of low resistance. An A.C. 
induction motor with a rotor of high resistance (whether internal or external) is 
definitely a varying-speed machine. 

A level-compounded D.C. motor (differentially compounded § 677) may be 
used where the small decrease in speed of a shunt motor with increasing load is 
inadmissible. 

Motors which may be subjected to low voltage of supply, due to line-drop or 
other causes, should he of the synchronous or synchronous-induction types (§§ 679, 
696) in order that their speed may be maintained. This is particularly desirable 
when driving centrifugal pumps or other machines, the output of which is seriously 
afiected by a drop in speed. Many snch machines are used in outlying situations 
for which A.C. transmission is specially suitable, and where the high P.F. of the 
synchronous motor reduces transmission losses (compared with those arising where 
A.G. at lower than unity P.F. is concerned). 

Adjustable Speed . — When it is desired to adjust or ‘set’ the speed to any 
particular value within a prescribed range, regardless of load variations, the motor 
itself must have constant speed characteristics, but the actual value of the constant 
speed must be adjustable. A shunt-wound D.C. motor (§675) with field control 
will meet most requirements, but, if a very wide range of speed adjustment is 
req.uired (say, greater than 5:1), a D.G. motor may he used with separate excitation 
of the field and adjustable armature voltage. In the latter case, rheostatic adjust- 
ment of the field current may provide part of the speed adjustment, as in an 
ordinary shunt- wound machine ; or the speed adjustment may be obtained solely 
by varying the armature voltage. Either multi-voltage supply (§ 716) may be used, 
giving a series of definite speeds between which adjustment must be obtained by 
field control, or the field may be kept constant and provision made for varying the 
armature voltage continuously and indepeTidently of the load. This demands the 
use of a variable-voltage D.C. generator, as in the Ward-Leonard system of control 
(§ 716) ; adjustment of the armature voltage by series resistance would not only he 
inefficient but would also result in a variable-speed drive, the pressure drop in the 
regulating resistance increasing with the load, and thus reduciug the voltage applied 
to the armature. 

Continuously adjustable, ‘set’ speeds (as distinct from multi-speed driving) 
can be obtained from A.C. motors by the use of brush-shifting A.O. commutator 
motors with shunt characteristics (§ 706). Another method is to use frequency 
changers in conjunction with induction motors, but this is generally expensive. 
Wide and continuous control of speed can be obtained with various types of A-C. 
commutator motors, hut D.O. shunt and compound motors are still generally con- 
sidered, to he the simplest, cheapest and most reliable for such service. In point of 
range of speed variation, certain A.O. commutator motors offer the advantage of 
speed control from zero to far above synchronous speed in either direction by 
brush displacement alone ; see also § 698. 

Multi-Speed Drwmp.— Where it is desired (or sufficient) to drive a machine at 
one or other of several definite speeds, a pole-changing sguirrel-oage or wound-rotor 
induction motor (§ 686) may be used. The speed of the motor is inversely propor- 
tional to the number of poles, which can only be varied satisfactorily in some simple 

291 



§ 753 ELECTRICAL ENGINEERING PRACTICE 

ratio, e.g 2 : 1. One example of the application of such coarse , . 

found in the driving of the ventilating fan for a new ooUiery. where i?m“^ 
cienfe to run the fan at half-speed for a year or two until the undewrouT^J ^ 
have been extended sufficiently to require the full output of the fan u i 
or ohange.s^ed _ gears in conjunction with a constant speed motor 
means of obtaining a few definite speeds; and series-parallel 
multi.voltage supply (§ 716) enable D.C. motors to rSd eSSS® f “ 
of a few definite speeds. luoiently at any one 

Multhspeed control of a wound-rotor induction motor can be obtained h 
of a step-by-step rheostat in the rotor circuit, but the regulation loss^“ 
r^nce the overall efficiency; and the «peed oorresponXrtoeiono^,"' 
rheostat varies if the load changes. ® ^ ^ position of the 

Where two- or three-speed motors of very low speed are required two + . 

cascade may be employed (§§ 694, 727) ; such sets can be arranged for 1 “ 

vanable speed in addition to the fixed speeds. ® ° “ operation at 

Speed varying with Load {Variable-Speed driving) The D P =. • 

motor (§676) is usually the best machine for this elafi of semh; pmridjr' 
there is no possibility of the load being reduced to such an extent ’tCThel 
speed becomes dangerously high. Alternatively, A.O. commutator ^ 

senes characteristics (§§ 700, 708) may be used. ^ 

If It IS desired that the variation of speed with load should be greater thati fi, i. 
of a D.G. shunt motor but less than that of a D.O. series mntov A.. i ^^nthat 
pound D.O. motor may be used (§ 677). ’ ^ulative-com- 

The speed of a woimd-rotor induction motor mav be TnArlisi 
ably with increasing load, by the insertion of slip-re^lat” g 
circuit; this arrangement is useful where it is desired to emnlov flf " 
but the efficiency suffers owing to the PB losses in the aH-nf ^*orage, 

4 . S.‘Z?7 

decreases automatically in speed as the lead increases In tto cafe w!” 
‘shp-resistauoe' is an integral part of the rotor winding hefL the 
droop in the load-speed characteristic and the rapid increase of l^B loanoo • 
rotor cannot be avoided (as they caa be by short-mreffitTnf an 

these losses occur in an external resisZof ® 

•n I’epulsion motor has a load-speed characteristic resembline' tbaf nf 

riS 

3'orj«e._ahe D.O. series-wound motor (§ 676) or an AC 
commutator motor with series characteristics (§§ 700 708^ mav b« if * •’ 
no objection to the speed -trying widely with tL lo^r’CLl fie L 

the during'star4; 

simnlicitv nf standpoint of efficiency (§ 681 ), but the 

ZhtoS WhZZTn ■ 

- , wnerever an mduotioh motor has to be started frequently, a slip-ring 
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machine with external rotor-resistance should be employed in preference to a SQ[tiirrel- 
cage motor, because : {a) the starting current is lower for a given starting torque ; 
(6) the losses in an external resistance do not heat up the motor. For both of these 
reasons, the slip-ring motor may he smaller than the squirrel-cage machine. 

Fluctuating Loads and JEtev&rsible Driving , — The most economical method of 
driving a fluctuating load is by means of a motor vdth series or compound character- 
istics, i-e. by a machine, such as a D.G. series or compound motor or an A.O. 
induction motor with slip regulation. The speed of such motors drops or tends to 
drop with increasing load ; the actual speed drop may be decreased by the use of 
a flywheel, but unless the motor itself has a drooping load-speed curve it cannot allow 
the flywheel to deal with the peak load. 

Where the peaks of a fluctuating load would necessitate a motor of considerably 
higher H.P. than the average load, a flywheel may be used if the speed-load curve 
of the motor droops sufficiently to enable advantage to be taken of flywheel storage. 
If an induction motor is used without a slip-regulator, little assistance can be derived 
from a flywheel ; in such a case, the use of a compensated induction motor (§ 688) 
may he advisable, the higher overload capacity of the compensated machine 
permitting the use of a lower rated H.P, than would otherwise be required. 

For reversible driving, the moment of inertia of the motor itself, should be as 
small as possible, a long armature of small diameter being preferable to a short one 
of larger diameter. A D.O. cumulatively-compounded motor combines easy reversi- 
bility with high starting torque. For very severe reversing service, such as colliery 
winding and rolling mill drive, a D.O. motor in conjunction with the Ward-Leonard 
system of control (§ 716) enables advantage to be taken of flywheel storage, the 
flywheel capacity being in the electrically-reversible D.O. generator and not in the 
driving motor which reverses its direction of rotation. 

Flywheel Storage . — If it is desired to use a flywheel to carry peak loads, equalis- 
ing the demand on the supply mains and making possible the use of a motor of lower 
H.P. than would otherwise be needed, the motor must decrease in speed, with in- 
creasing load, sufficiently to enable the flywheel to give up a useful proportion of 
its stored kinetic energy. The smaller the decrease in speed the heavier the flywheel 
needed to obtain a given output of energy, the stored energy at any moment being 
proportional to the square of the speed of the flywheel. The types of motors usually 
employed with flywheels are the cumulative-compound D.C. motor (§ 677), and the 
A.O. induction motor with slip-regulator (§§ 725, 728) ; the former has characteristics 
giving the desired decrease of speed without regulating losses, but the slip-regulator of 
the induction motor involves losses during the period for which the regulating 
resistance is inserted in the rotor circuit. 

It is useless to fit a flywheel to a synchronous motor, and of very little use to fit 
one to a shunt-wound D.O. motor, for the speed of the former is constant, and the 
speed of the shunt motor falls only a few per cent, from zero to full-load — ^not enough 
to permit a flywheel of moderate weight to give out any useful amount of energy. 
On the other hand, the speed of a series D.O. motor decreases very considerably with 
load ; indeed, the speed variation is too great for most kinds of work to which fly- 
wheel storage is usefully applicable, and during periods of light load the speed is apt 
to become dangerously high- The cumulatively compound-wound motor represents 
a compromise between these two extremes. By adjusting the degree of compounding 
the speed can be made to decrease automatically on load, by any desired amount, so 
that flywheel storage can be utilised very effectively. A standard squirrel-cage motor 
has much the same load-speed characteristics as a D.O. shunt motor, and therefore 
benefits httle from the provision of a flywheel. A slip-ring motor with variable rotor 
resistance (preferably inserted automatically on the occurrence of overload) may be 
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made to slow Aovm considerably on load, so that good use may again be , 
wheel storage. It must, of course, be understood that in any case the nroviV ° 
fl:^heel does no more than to equalise the demand in the supply inaiti^. ^ 

reduce the total energy consumption except perhaps by saving somethina-in 
by equahsmg the load. Its main effect is to permit the use of a small 
or . A 0. slip-ring induction motor with flywheel instead of the larmv 
machine winch would be required without flywheel storage. ® 

Where a flywheel is employed, its effect upon the starting condifif.no 
considered. The shorter the starting period, i,e. the higher the rate of an ^ 
he higher the starting torque ; and, for any given rat! of acceSation 
torque moreases with the inertia of the load, including the flywheel A, th! “ 
object in using a flywheel is to prevent abnormal torque being Z'™? 

High Power Facior.—ha. the interei of high power factor svnot,.,v,„„ 

^ 679J or synobionous-asynohronous (§ 696) motors should be used whereve! u^^H® 
By over-excitation of a synchronous motor, the average power factor of a j 

can be materially improved (§ 160, Vol. 1), while still using the synchrontm 
or meohauical driving. Compensated induction motors (§ 688) and eomtr t *** 

S^hjolf&ctor of 

the actual power requirements of the load before selecting the motor. Wh^eT 

loads'* a flTwheel may be provided to relieve the motor of the peak 

loa^ and thus make possible the use of a smaller machine, operating at a higher 
oentage of its rating, than would otherwise be possible. Where an toduotion motor k 
concerned, however, a special slip-ragulator (§§ Y25, 728) must be provided othenvise 
viven flywheel will remain so nearly constant that little assistaiee vv^e 

P.P. correspondingly low on variable load. ^ 

™ ,r:ss.“sf ' “* • 

- „ ..a, o. 0. a. 

eTectri! tv bm !r 'T possible savings on the 

elMtraoi y bill the only advantage the consumer gains from raising the P.l. of his 

^nimu^s^*i^i:°pT nT ” Ifla distribution call: 

mnimum at unity P.F . If he employs some motors at a leading P.F to 

blcUn^ oumlt vn”b fl^" *’'* in the circuits cLr^g 

1 ^ tfle same as for an equal current at a numerically e^ual 

SS?f rfew ®°“8®‘ionfK>mtheocnsnmer’a 

point of view 1ms m the saving effected by qualifying for a lower supply tariff. 

for low soe^TA^r dK “®® synchronous or synohronous-iuduction motors 

^ “ P^sferenoe to induction motors, because the P.F. of the 

latter is relatively low in low-speed maohines (§ 681). 

in effioienoy is always desirable, but 

he dal^d Whifw Wgher capital expenditure and it remains to 

whether it is better to economise on investment or on running eosts. 

important, and more can be spent profitobly to 
: let 1 'r “flis sement works and other concerns, where powL represente 
a lelatively large proportion of the total cost of the product, than where the cost of 
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power is low compared with that of labour, material and standing charges on costly 
machines. The more energy (kWh) consumed and the higher the cost per unit, the 
better it pays to install high-efficiency motors ; while the smaller the consumption, 
the more important is capital economy. 

As an example, suppose that the choice lies between two 12 H.P. motors, one costing 
£25, the other £20 ; the efficiency of the more expensive machine being 87 at 
three-fourths of fuU-loaA^ whereas that of the cheaper machine is only 84 °/^, If the 
motors be used 2 000 hours per annum at this average load,* the more efficient 
machine will consume (9 / 0*87) x 0*746 x 2 000 or 1 542 kWh, while the less efficient 
machine consumes (9 / 0-84) x 0-746 x 2 000 or 1 600 kWh (approx.). At l^d. per 
kWh, the saving effected by the more efficient motor is (1 600 - 1 542) x or 87d. 
per annum. This represents a return of 100 x 87 / (5 x 240) or 7^ °/^ on the £5 
higher cost of the more efficient machine. If energy cost 3d. per kWh, the 
saving effected by the more efficient motor would he twice as great, and so on. 

Apart from the direct saving effected by higher efficiency, owing to reduction in 
the energy consumption, the more efficient motor is likely to run at a lower tempera- 
ture and therefore to be more durable; also, it is probably of better design and 
manufacture throughout. In many instances these considerations will be of greater 
importance than the possible saving on energy consumption, but it is always worth while 
to investigate the question of relative efficiencies, particularly in the case of small 
motors, because the differences between individual makes are often greater in machines 
of low horse-power ; also, such motors are often supplied at a relatively high price per 
kWh. Though a certain amount of reticence is often displayed with regard to the 
efficiency of small motors, it is a figure which the purchaser is perfectly entitled to 
demand. 

Thong’ll restrictions in this respect tend to become less onerous 
as the capacity of supply stations and networks increases, it is 
possible that the choice of a motor for any particular serwce may 
be alFected hy the regulations of the supply authority. 

754. Considerations of Supply; Current Required by 
Motors. — Except in so far as there may be a choice of systems 
available, the form of the public supply of electricity is beyond the 
control of the consumer, who may, however, transform or convert 
the primary supply to any form more suitable to his requirements 
(see Chap, 17, Vol. 2). For example, the fact that A.,0. supply is 
alone available from the mains need not preclude the use of D.C. 
motors if the latter are preferable to A.C. machines in any particular 
case ; a rotary converter, a motor-generator, or a mercury rectifier 
may be installed in the consumer's substation, the relative merits of 
the several equipments being as noted in § 425, Vol. 2. 


’•* In order to make the comparison strictly accurate, the energy consumption of 
the two machines should, he calculated by taking the annual load curve in conjunction 
with the actual efficiencies of the machines at each load. This is not difficult in the 
case of motors on a definite cyclic duty, but, in general, such a refinement of computa- 
tion is neither necessary nor practicable. 
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interests of economical wiring and cheap supnlv (r. • 
per kWh), it is inadvisable to connect any but the sinalleq/ 
to the lighting supply at 100-250 V; indeed, the suXlh°'”f 
usually allows only domestic motors up to i or 4 nthority 

nected to the lighting mains. The majority of industrial mofl 
connected across the outers of a 3-wire D.C. supply or to3 
A.C. mams at a pressure of from 400 to 500 V tS 23 Vni i \ 
times E.C. supply at 500-600 V is available, usuali; from a LT‘ 
network. A.C. supply to large industrial consumers is « 
at high pressui'e (3 300-11 000 V); this is venerallv 
«e / 240 V by sMe t„1o H pT,*” 

but larger machines may be supplied at high tension ' ' 

Where outlying loads are concerned, e.g. pumps minp 
Roughing motors etc., economy in distribution demands the use 
hi^h pressure right up to the motors concerned ; the alternatives are 
tl^en either to use a .step-down transformer and low-voltage motors 
!nd\5h°® desirable in field service (agriculture, excavators etc) 

\ if!r Tv®® operated out of doors’or W 

unskdled labour; or a high-voltage motor may be usS if tfr 
machine is of not less than 50 BE P or so anri * • j 

under the care of a skilled mam ’ 

_ Current requvred hy Jlfoters.-The current in amperes re 
qumed by any D.C. motor = (B.H.P. x r46)/(yolts x Efficiency) the 

efficiency being expressed as a decimal. The pressure may beSha^^. 
evj the designer makes it, according to the circuit to which thl 

current the figure arrived at above must be divided by the powe? 
factor to give the virtual amperes, and in the ease of 3-pLse current 
the divisor is r73 x the power-factor. ^ 

eleotrioal mput of the motor vill then be 220 x^lo W o^sTkW If 
18 single-phase at the same pressure, the effieieBr.^ vs o/ ® ® ™PPh 

current will be (10 x 746) / (220 x 0-7S x 0-8) = Sfii 4^ ( °\ 
rent must be carried by the tvires 1enair<„ to the 

with the pressure it does not all coiuo h.t m°*pr, but being out of phase 

electrical input of the motor will then be 220 Jo the power taken. The 

but it will only be 12-4 x 0-8 = 9-9 true kW If^ut^ (^°'^°'*-«'“Peres), 

pressure, with a motor efficiency of 80 »/ knd P P “■* 

00 X 746) / (220 X 0-8 x 0-85 x 1 - 73 ) = 28-8 A n ■ ® ^ he 

rieal input of the motor will then be L x 2^ I “ tsTue kW 

ihe calculations illustrated by the preceding example should 
e made whenever the efficiency and power factor of the^motor are 

296 



ELECTRIC DRIVING 


755 


known. For purposes of general estimating, use may be made of 
Table 136 which is referred to a pressure of IQO V for ease in 
calculation and based upon typical values of efficiency and power 
factor. The use of this table is illustrated by the following 
example : — 

Example. — What is the full-load current required by a 50 H.P. single-phase 
motor supplied at 440 Y ? 

From Table 136, the current required by a. 3-phase motor at 100 V is about 
270 A ; therefore, at 440 Y it is about 270 x 100 / 440 or 61*3 A. The current taken 
by a single-phase motor 'would be about t-wice that required by a 3-phase motor (spe 
footnote to Table 136), i.e, in this case 2 x 61*3 or, say, 123 A. 

In many districts the supply authority imposes regulations 
concerning the types of motors which may be used and the con- 
ditions under which they must be operated. 

For example, it may be stipulated that : — 

( 1) D.C. motors may be connected across the lighting mains for domestic power 
purposes, but only across the outers of a 3-wire system for industrial purposes. 

(2) Single-phase motors not exceeding 2 H.P. may be installed ; all A.C. motors 
above this size must be 3-phase. 

(3) Squirrel-cage indue bion motors up to 6 H.P. may be switched directly on to 
the line. 

(4) Squirrel-cage motors are permissible up to 30 H.P. provided that they are 
started on light load and by an auto-transformer or other device which will limit the 
starting current to a value not exceeding tvace full-load current. 

(5) All induction motors exceeding 5 H.P. starting against load must be 
provided with slip-rings, a wound rotor, and such starting resistances that the 
current does not exceed full-load value at any step of the starter. 

(6) If the average P.P. of the consumer’s motor load be less than 0*8, the supply 
tariff shall be subject to certain increases. 

Restrictions of this type and degree are still enforced by many 
supply authorities in this country. Ultimately, low P.F. will 
probably be penalised by every supplier of electricity (§ 274, Vol. 1), 
but the tendency is to relax the restrictions upon the use of squirrel- 
cage motors with short-circuited rotors ; in America it is common 
for machines of this type up to 30 or 50 H.P. to he started by 
switching straight on to the mains. 

755. Small Power Applications. — Small electric motors, often 
of fractional horse-power, are used extensively to drive appliances 
in domestic service, hotels and offices, as well as for portable tools 
in industrial plants. 

Motors from H.P. upwards are listed for a variety of domestic 
uses, such as driving sewing machines, knife or boot cleaners, etc. 
They run for the most part at very high speeds — 2 000 r.p.m. 
or thereabouts for direct current, and a little lower for alternating 
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Table 136.—Approadmate F'uM-Load Gwrent taken bvFJ.M ■ 
Moto'ra at 100 V. 

table should be used only for purposes of oar,^ ^ 

Wherever possible, the current consumption should ^be calcullted'^ «s*>fflating, 
actual values of P.P. and efSciency for the machine cmoL^d ^ ^ tbs 

Current consumption at F volts = value from table x ^ 
mow”“ ""V.™ - 2 X o«„.nt f* 


Current for 2-phase motors =0'9 x current for 3-nhaso . 

Horse-Power. 

Direct Current. 

Amps, at 100 V, 

1 3-Phase A.C. 

Amps, at 100 V. 

1 

2 

3 

4 

11*0 

19-5 

28*5 

36*5 

8-0 

14*5 

21-0 

27*5 

5 

45 

67 

34 

10 

15 

87 

129 

48 

62 

90 

20 

25 

30 

35 

170 

210 

1 250 

290 

117 

145 

167 

195 

40 

60 

75 

100 

335 

415 

.612 

812 

220 

270 

395 

520 

120 

140 

160 

180 

970 

1120 

1360 

1440 

625 

730 

830 

930 

200 

300 

400 

500 

* mu^ x:-* n 

1600 

2 400 

3 200 

4 000 

1030 

1540 

2 040 

2 540 


that reauir^d W « T T ? ^ stngl^-^phase fmtor is ^3 or l-ySS times 

lines, the <:SoieZy und^TvTwIv’f 1 between 

a TS moto at f 

OBCe^tmlet^L^otSrtrMXed requires ^3/2 or 

uxrenii required by a 3-phase motor of equal output, the voltage 
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current — but they can be obtained fitted with gearing, reducing 
down in a ratio as great as 100 to 1, where slow speed is required. 
The efficiency is low, but for such low powers the cost of running 
is seldom the factor that decides for or against the use of motive 
power as against hand power. Small motors up to, say, J H.P. 
can be run from an ordinary lampholder, a special plug adaptor 
(§ 497, Vol. 2) replacing the lamp. Apart from motors for ordinary 
pressures of supply, they are also made for very low pressures, to 
work off batteries ; but in this case the cost of the power is high. 

Besides their application to fans and house-service pumping — 
the latter to a greater extent in the Dominions and America than 
in this country — electric motors are applicable to a number of minor 
domestic services. Electrically driven ‘vacuum cleaners’ have 
proved successful, and are most efficient in the larger sizes. Small 
portable cleaners are, however, usually employed in ordinary house- 
holds. These machines weigh from 15 lb. upwards and consume 
from 200 W upwards. A vacuum of from 2 to 3 ins. of mercury 
is required; if' it is too high, damage is done to carpets, etc. At 
this vacuum the smallest portable sets displace about 500 to 1 000 
cu. ft. of air per hour. 

Electrically driven clothes-washing machines for domestic 
service are a great boon. The motor is usually of J to -J H.P. and 
a three-position gear box (forward, ofi‘ and reverse) is provided so 
that a wringer can be driven from the same motor. These machines 
deserve to he used much more extensively than is at present the 
case in this country. The high first cost of the best makes is the 
principal obstacle to their general adoption, but, even at these prices, 
they constitute an excellent investment.*’ 

The ‘electric Mary Ann’ consists of a small motor, of from 
I to I* H.P., fitted with a flexible shaft and various accessories which 
enable it to be used for boot polishing, buffing, knife cleaning, 
di'iving a potato-peeling machine, mincing machine, coffee mill, and 
so on. The average housewife appears to doubt whether the 
advantages to be derived from such a multi-purpose motor are 
worth the trouble involved by carrying the machine about and 


between lines, tbe efficiency and febe power factor being tbe same in both cases. 
Actually the product of P.F. by efficiency is about 1*05 times as great for 3-phase as 
for 2-pliase motors, hence tbe current req[nired by the 2-phase motor is about 
1-05 X 0*866 or, say, 0*9 times that required by the 8-phase motor. 

* This is demonstrated in two articles {JEJl. Eev.^ Vol. 97, pp. 366, 406 ; Vol. 99, 
p. 662), which deal thoroughly with theypijpPSHWHS^ of view' and 

are also of interest to manulaoturejai^rfffa^ptF8|lfrtp®n|«|^6el^^ 
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connecting it up electrically and mechanically. In hotels 
restaurants, and other places where the amount of each 

work justifies the installation of separate motors the advanf^ 
of the latter are indubitable. advantages 


Table 131.- 


-Horse-power of Motors for Domestic 
Hotels, etc. 




Sewing machines . 

Knife or boot machines 
Meat choppers 
Potato peelers 
. Plate washers 
Coffee roasters 
Vacuum cleaners, portable 
>j stationary 
Buffing machines , 

wringing machine (domestic' size) 


i:V‘i 

H 

i-i 

i-i 

hi 

1-10 


Table 137 shows values of motor horse-power for various 
s^viees of the t;^e considered. To allow for the relativelv low 
efficiency of fractional horse-power motors and the possibilhv of 
overloads, it is advisable to reckon that the maximum eloof^ ! 
cogumption will be at the rate of about 1 500 W per H.P. u^to 
4 H.P., e.g 375 W maximum input for a machine fitted i^th 
.mote i H.P. This i, a pdat to fe coiddSdi 

choosing the size of fuses for the branch circuits The averave 

arrSHbrio^t appreciable important 

as regards the cost of the energy consumed, compared with the 
value of the service rendered by the motor 

JectiSers°”'“' Mills. Bakeries, and Con. 

Table 138. 


H.P. 


H.P. 


Holler mills — - 
10 bushels per hour 
^^■30 „ „ 

Stone mills — 

^-ft. stone 
4~ft. „ 

Fine flour combination machines! 

per 100 lb. per hour . 

Cleansing machines 
Light mixers (bakeries) 

Kneading machines . 

Weighers and cutters 


7-10 

18-22 

6 

20 


4-7 

1-5 


1-5 


1-3 


Sugar crushers, mixing and stir- 
ring machines — 

Light 

Heavy * , . * 

Hollers . . ] 

Kettles . . * 

Dippers, shakers, polishers 
Buskers, shellers 
Miscellaneous sweet-making and 
finishing machines 


1- 3 
5-15 

2- 5 


1-2 

i 
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757. Power Required for Driving' Laundry Machinery. 

Table 139. 

H.P. H.P. 


Washers, 100-200 shirts 
Decoudin ironer . 

Body or collar ironers . 
Hydro-extractors, 2-3 ft. 

„ when starting 


1- 1^ Box mangle . . , * i-i 

l|-2| Wringing machines . . - 

Starching machines ► . . | 

2- 4 Domestic washers, mangles, etc. 4-, 

4-6 


758. Ceiling Fans. — In. this country it is rarely necessary to 
use ceiling fans, except in restaurants. These machines do not 
ventilate in the true sense of the word, hut merely keep air in 
motion, and are therefore particularly useful in hot climates where 
buildings are so constructed that the problem is rather to secure 
the cooling influence of air in motion than to increase the natural 
air supply to the room (§ 763). In India, for instance, tens of 
thousands of slow-speed ceiling fans are now in use as a substitute 
for the punkah ; while every first-class line of passenger steamers 
plying to the East is now equipped with ceiling fans in the 
saloons and bracket fans in the cabins. A small electric motor 
drives two, three, or four blades attached radially to a hub on 
its spindle. Motors are made suitable for direct current and for 
single-phase and S-phase alternating current, but the A.C, types 
are seldom quite silent. The sweep of the blades is generally 
about 5 ft., but smaller sizes down to 2 ft. diameter are also made. 
For the larger sweep, the speed is generally from 150 to 200 r.p.m., 
while it may be anything up to 650 r.p.m. in the smaller sizes. 
The low-speed fans have the advantage of more silent running, 
while the high-speed type are more economical. The overall 
efficiency varies from about 25 to 40 % various types. The 
majority of ceiling fans in use at present require from 110 to 
160 W (OTl to 0T6 kWh per hour), but there are innumerable 
types listed, down to 30 W. The standard pressures, as already 
stated, are 110 and 220 V, and the standard frequency for alter- 
nating supply is 50 cycles ; but fans can he obtained for a margin 
on either side of these standards. Owing to the long hours of 
continuous working to which fans are subjected, the question of 
lubrication is of paramount importance; as the shaft is vertical 
it is difficult to prevent the access of oil to the armature, and 
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the dripping of oil from the spindle is not unknown.- In 
(Swan fan) the lubricant is carried up a special Groove 
. hollow shaft, by the revolution of the armature Ihereon 
.i ^^1 returns to the reservoir below through the central ’ ^ 

Bail f bearings when first tried were not silent enoue-h 
work,' but this defect is disappearing, and the efficiency is sen!!??* 
increased by their use. Eor the insulation of the armature 
imprecated silk is now used exclusively in the tropics col? 
inflated mres having proved an expensive failure- for Lrtifie- 1 
silk see § n-lXd, Vol 1. The motors are series wou^d and ? 
total resistance of armature and field, is so high that small fo 
b, .wtehed on dioec. wilhout oUrtiSg resio W 

Many experimental types of blade have been tried for 
fons, ccstructed of wood or aluminium, these endeavours befof 
directed towards spreading the breeze. In point of fact verv littl^ 
progress has been achieved, and the down-draught differj v!? 
ittle fmm a cyhCer of the diameter of the blades. The propeller 
ska^d blade, with a double twist, is the most popular type but 
d shows no appreciable advantage over the flat blade in thedis 
tribCion of a'*''., *ypes the angle of the blades is fixed 

while in othera it is adjustable; an angle of from 25° to 30° with 
the horizontal is generally used. 

Much valuable information on the subject of eeiline fans will 
b. J„„d 1» B.SS. Nb 867 (1932), «Perf«™.„ i 
Electric Fans, including a typical air-velocity curve and a sfondwd 
method of computing air-delivery. 

759. Speed Regulators for Fans.-The method of regulaW 
fans by the series-parallel control of pairs has aUacf u ^ 
referred to (§§ .52, L, ToL 2), 

connections are arranged will be found in S 506 Vol 2 C 
more ^dinary and convenient method, however, is to adjust th! 
^eed by means of a regulator, with several switch contacts aUow- 
mg se^ral speeds by throwing more or less resistance into series 
?foe but resistance consists of coils of fine 

eff!? ^ f ^ ^ utfiised as resistance elements. The 

pmtti n'^rf JJf " --ice is to absorb a celt 

proportion of the pressure, so that the fan motor works on reduced 

rZr A cerfoin amornttf pj" 

actually wasted in the resistance, but, on the other hand the total 
power consumed by the combination is reduced, so that’ the con- 
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sumption recorded on the meter is less ; e,g, if a 220 V fan at full 
speed takes 120 W/and 100 ohms resistance is added, the total 
power will he reduced to about 100 W, of which the fan uses 80 "W 
and the regulator wastes 20 W. 

760. Desk Fans. — distinct type of fan, capable of use either 
as a ceiling or desk fan, is that having small blades, from 9 to 16 ins. 
diameter, and running generally at high speed, viz. from 1 000 to 
2 000 r.p.m. It is necessary to have guards round the blades for 
these high speeds, unless the fans are out of reach, and the con- 
sequence is that humming occurs. For this reason these fans are 
not particularly satisfactory for rdght use, except in railway carriages 
or on ships, where the noise is hardly noticeable. This type of fan 
is adapted to desk or portable use ; it can also be obtained hinged 
or pivoted, so as to be capable of being used as a bracket adjustable 
as to the direction in which it throws the breeze. Various means 
have been devised for making the fan oscillate about a mean position 
on a plane or elliptical (side to side, up and down) path, so as to 
increase its useful sphere of action. Though mainly useful as 
breeze-producing machines, desk or bracket fans can be arranged 
in a wall opening or near an open window, so as to perform 
a certain amount of true ventilation. See also B.S.S. No. 380 
(1930), ^'Performance of Desk-type Electric Fans.” 

761. Hours of Use and Consumption of Fans. — Table 140 
shows the approximate consumption of ceiling and desk-pattern fans 
respectively. 


Table 140 . — Electric Fans : Power Consumption and Current. 


Type. 

Watts. 

Units per hour. 
kWh. 

Current at 

220 V. 

llOV. 

Geiling 

100 

0-1 

Amps. 

0-46 

Amps. 

0*9 


120 

0-12 

0«55 

1*1 


150 

0-15 

0*67 

1*3 


180 

OUS 

0-82 

1*6 


200 

0-2 

0*91 

1*8 

Desk, etc. . 

SO 

0-03 

0*14 

0*28 


60 

0*06 

0*27 

0*54 


75 

0*07 

0*34 

0*68 
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The power required by ‘free ’ fans, simply moving air with.* 
appreciable suction or pressure, is approximatdyt 


To move 1 000- 1 500 cu. ffc./min. . i i* 

,, „ 3 000- 6 000 „ „ . ft 

„ n 6 000- 9 000 „ „ . H 

„ „ 20 000-45 000 

Pressure and exhaust fans (§ 763) absorb more power aceordi. 
to the pressure difference which they produce. ^ 

In hot climates fans are often kept running day and nivht anil 
sometimes for weeks on end. In England summer conditions a!I 
just temperate and erratic enough to keep many people from instal 
ling breeze fans, as distinct from pressure and exhaust fans (8 763^ 
where they could really be usefully employed. They are used t 
a considerable extent in offices, and might well be used more 
extensively in dweUing-houses and particularly in kitchens. Two 
or three desk fans could be usefully employed in most middle-class 
households, and should average 5 to 7 hours’ use daily duriiw hot 
weather. With current at 4d. a unit, the cost of running such 
fans would be between a Id. and 2d. a day for each. Owing to the 
vagaries of our climate, the average householder is reluctant h 
incur the first cost of a fan ; in some places they are hired out bv 
central stations. ^ 


In an ordinary private house in the tropics, the average use of* 
all fans may be taken as from 61 to 9 hours a day, during the hot 
weather, according to the proportion of occupied bedrooms to sitting- 
rooms ; the total number of fans being inuch greater than in a corre- 
sponding house in this country. The fan season of course varies 
greatly with the locality. 

Actual records of a number of public buildings in different palts 
ol InAa give the data shown in Table 141 ; the fans are of ceHing 
type m all cases, the height varying from 8 to 10 ft. in nearly all 
the dooms. In exceptional eases, fans have been hung as high as 
20 ft. from the floor with satisfactory results. The contrasts in 
lahle 141 are very marked, especiaUy in the ecclesiastical buildings ; 
private houses are more uniform. 


Analysis iii. the case of private houses will not serve to show the 
flwr area usefully served, as one fan generally suffices for a room 
of any ordinary size. Furthermore, in public buildings, fans are 
for the most part used without regulators, whereas in private houses 
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Table 141. — Fans in Public Buildings in India. 


Buildings. 

kW 

installed- 

Floor area, 
sq. ft. 
per fan. 

Units (kWli) 
per fan per 
month. 

Units (kWh) 
per kW in- 
stalled per 
month of use. 

Average 
daily 
hours 
of use. 

Tel^raph. signal hall . 

6*5 

200 

75-0 

600 

20 

A hospital ward , 

2-2 

234 

69*4 

320 

11 

Pour offices rooms 

2-0 

217 

34-0 

283 

i 8-5 

A classroom 

0*44 

430 

13*2 

120 

4-0 

Three public halls 

1-15 

448 

16*7 

116 

3*9 

Two ballrooms . 

3*3 

124 

24*0 

21 

0*6 

Three churches . 

3-2 

420 

1 2*4 

16 

0-5 

A Scotch church 

1-5 

164 

1 17-0 

102 

3-3 


regulators are always installed and the fan is often taking only half 
its rated input. Data from a number of private houses in Calcutta 
are given in Table 142: — 

Table 142. — Consumption of Fans in Houses in India. 



Maximum. 

Minimum, 

Average. 

Units (kWh) per fan per month 

35 

9 

22 

Units (kWh) per kW installed per month 

260 

77 

152 

Daily hours of use of all fans . 


24 

6 


The term ‘ kW installed ' or ‘ kW connected ’ means the aggregate 
power in kW required by the whole of the apparatus installed, when 
in use at one and the same time. It may, according to circum- 
stances, refer to apparatus of all sorts or to that of one particular 
kind ; in the above example fans and motors only are referred to, 
as the context shows. 

762. Electric Punkah -pulling. — Many types of punkah-pull- 
ing machines, capable of being driven electrically, have been put 
on the market in India. The majority, however, have not been 
sufficiently successful to warrant extensive use. Frima facie a 
good punkah-puller system appears far more efficient than a number 
of separate fans, and in barracks and in public offices the former 
are used to a certain extent. A single motor is capable of operating 
a large train of punkahs, and, as great speed reduction is in any 
case essential, a high-speed, and therefore cheaper, motor can be 
used with worm-reduction gearing. 
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111 India the installation of pnnkah-pullers complete cost pre 
war, from £13 to £17 per 1 000 sq. ft. served, and the power 
required is about 100 W for the same area ; at least eight or ten 
fans, costing (with wiring, etc.) from £58 to £67 (pre-war), and 
using about 1 kW, would be needed for the same service. The 
following figures may also be used as a genei^al guide : — 

2 B.H.P. motor, taking 2kW, will serve 4=60 r.ft. of punkah. Pre-war cost £185 
1 » }» 1 »» »j j» 300 ,, „ „ ,, 

jj M }» 0*5 »» )» >» 150 ,, ,, ,, ,, £14:7 

This includes starting and regulating switch, gearing, bracket 
flexible coupling, shafting, cranks, pulleys, pulling rope and springs, 
accessories and wiring. The punkah frame and suspension must 
be added at about Is. 6d. per r. foot. 

For operating single swinging punkahs an ingenious system 
known as the * Bandy ’ was introduced some years ago, hut it has 
not made such headway as was expected. 

763. Pressure and Exhaust Fans. — The fans above dealt 
with are little more than breeze producers or air circulators, and 
when it is required either to force air into, or exhaust it from, a 
room a totally didferent t 5 rpe is necessary. The requirements differ 
so much that trade catalogues must be referred to for details. Motor- 
driven pressure blowers are listed as small as 5 ins. diameter ; these 
will displace from 220 eu. ft. of air per minute, at 1 750 r.p.m., 
against -J-in. water gauge (W.G.), when consuming about 45 W, up 
to 525 cu. ft. a minute at 4 000 r.p.m., against W.G., with 

about 500 W. The largest stock catalogue size is 60 ins. diameter; 
this will displace from 41 000 cu. ft. of air per minute at 150 r.p.m., 
against 1-in. W.G., with 6 up to 78 000 cu. ft. a minute at 

325 r.p.m., 2 ^ ins. W.G., with 52 B.H.P. Exhaust fans, assuming 
free circulation, are listed from 12 ins. diameter, taking 60 W, and 
displacing 1 000 cu. ft. a minute at 1 000 r.p.m., up to 42 ins. 
diameter, taking 550 W, and displacing 14 000 cu. ft. a minute at 
350 r.p.m. 

The Fitter inultiblade fan is a radically distinct type. Instead of 
a single set of relatively wide blades, three sets of narrow blades are 
set one behind the other at the spacing and inclination found to give 
best results under the operating conditions proposed. A total blade 
surface greater than that of the standard type of fan is obtained, 
hut it is claimed that eddy current losses are reduced, and that the 
air displacement is from 30 7o small sizes) to 50 % 
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sizes) greater than that of an ordinary propeller fan of equal diameter, 
speed and wattage. 

764. Power required by Fans. — The theoretical relation 
between the revolutions of a fan, the volume of air it displaces, the 
pressure created, and the horse-power required is illustrated by 
Fig. 385. It will be seen that the volume varies as the speed ; the 
pressure as the square, and the power as the cube, of the speed. 
NaturaDy these values are greatly modified in practice. 



Relettive Revolutions of 

Fig. 385. — Theoretical relations between r.p.m, of fan, volnme discharged, 
pressure created andH.P. required [8turteva7it), 

Neglecting friction, and the pressure head necessary to over- 
come it, the velocity of air (or any other fluid) issuing from an 
orifice can be determined from the formula for falling bodies, viz . : — 

= Mj{2gh\ where v = velocity in ft. per sec. 

g ^ 32T ft. per sec.^ (at sea-level). 
h = velocity head in feet (i.e. total head less 
pressure head). 

But for fluids h ^ j d, where p is the pressure in lb. 

per sq. ft., and d is the density 
in Ih. per cu. ft. 

Therefore v = applied to the velocity of movement 

of fluids. In practice, friction would restrict the freedom of flow 
and part of the head or pressure would be expended in overcoming 
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the resistance ; this is known as the pressure head and the T,=i 
as the velocity head. If there is a free outlet, ^ ^ if thfAn?!^"'' 
not have to traverse any pipe or passage, but only an orifiee'^IT 
pressure head disappears and the velocity will be nractiVaii 
calculated by the formula. In the case of the atmosnli ^ 
density varies at different heights, but by assuming it content 
Ideal or equivalent head can be determined which will 
same and exert the same, pressure per unit area. Under Lv 
barometer, ws-. 29-9 ins., atmospheric pressure is 2 110 lb toT 
square foot, and at 50“ P. a cubic foot of air weighs 0-078 R 
a homopneous column 2 110/0-078 = 27 000 feet hivh and i 
square foot area of base would fulfil the above condition! U 
under this head were allowed to flow into a vacuum, the velocity 
would be u = ^C2gp/d) = ^(64-2 x 2 110/0-078 = 1 SiTft 

per see. Other values of the density of air are ' 

^*^^^°^-‘^®”®i*y'>-0651b./cu.ft 
„ 32 F. „ 0-081,, ., „212°F. „ o-059 

■■“" f'- .. oou S50-F. oZ: : 

The relative volume of a given weight varies as the absolute 
temperature, ^ e. as (461 n- i), .vhere i = temperature in de^e^ 
Fahrenheit In the ease of air under pressure in a reservoii- Lre 
IS no actual column of air, but the height, h, of the equivalent 

isriSr ' ^ s 

If pressure is expressed in inches of water gauge JT then the 
eight, h ft., of the equivalent column of air is given by k = (density 

^ temperature of 50° F., h ^ r62-4 x 

velocity i;(at 50 E.) = ^(64-2 x m-8 H) = 65 -5 ft per see 

from which maybe determined the approximate v^ocity o^ efflux 

luo^^ pressure expressed in inches of water 

g:auge. 

a-DuUed * fl compressible when pressure is 

applied and expansible by heat, the density varies with the 

ThTeSct^“f change of temperature also affects the results. 
Ihe effect of increased density, which may be produced by the 

velocity head; for if /i = pfdit 
IS evident that an increase in d must, for a given pressure, reduce 
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the value of A. A similar influence is exerted by temperature, for 
by an increase in temperature the density is decreased, and hence 
the value of A is increased. The velocity being dependent on the 
ideal head, it is necessary that comparisons be reduced to the same 
conditions of pressure, temperature, and density. 

Expressing the pressure, p, in ounces p'Sr square inoh^ and 
d as the weight (0*078 lb.) of a cubic foot of dry air at 50° E. under 
normal atmospheric pressure of 14*7 lb. or 235 oz. per sq. in., the 
formula becomes : — 

v^64*2 xp X 144/ [16 x 0*078 x (235 4 - p) / 23S] 

= 747 000 X p / (235 + p) ft. per sec. 

If the pressure is expressed as If, inches of water gauge, then 
V = 4^/1 747 000 x H ] (407 4 - H) ft. per sec. These formulas 
take into account the compression of the air due to its pressure, 
but make no allowance for change of temperature during discharge. 
As stated above, any decrease in the density of the air due to higher 
temperature must, for the same pressure, increase the value of A, 
and therefore of the velocity also. If the velocity and consequently 
the head are to be maintained constant, under varying temperatures, 
the pressure must decrease proportionately to the density as affected 
by the absolute temperature. 

For example, under a pressure of 2f oz. per sq. in, or 41 ins, of W.G. the 
velocity at 50° F. is 142 ft. per sec. or 8 520 ft. per min. by the above formulse. 
Suppose the orifice to have an effective area of 6 sq. ins. and the total pressure mil be 
16^ oz. or 1*03 lb. Then the theoretical power required will be 8 520 x 1*03 / 33 000 
=: 0*266 H.P, and the volume discharged 354 cu. ft. per min. The efiective area at 
the Dena contracta may vary from about 0*6 to nearly the full actual area. 

If the temperature is 150° instead of 50° F., i.e. Gll° instead of 511° absolute, 
the volume of a given weight is increased in proportion and the relative density will 
be 511 / 611 = 0*84. The actual density will be 0*078 x 0*84 = 0*066 lb. per cu. ft. 
In this case the pressure necessary to produce the same velocity and volume as 
before will be 2§ x 0*84 =2*3 oz. per sq. in., or, on the whole area of 6 sq. 
ins., 13*8 oz. = 0*86 lb. total ; the theoretical power required will similarly be 
0*266 X 0*84 = 0-224 H.P. 

On the other hand, the relative volume of the same weight of air, expanded by 
the increase in temperature from 50° to 150°, will be the reciprocal of the above 
figure, 611/511 or 1*2, and this will also be the relative velocity necessary to move 
the same weight of air in a given time. The actual velocity will therefore be 
142 X 1*2 = 170 ft. per sec. or 10 200 ft. per min. The relative pressure required 
to produce this velocity will also be 1*2, i.e. 8*3 oz. per sq. in. or 6*6 ins. W.G. The 
theoretical power will be increased to 10 200 x 3*3 x 6 / 33 000 x 16 = 0*382 H.P. 

The relations illustrated by the preceding examples are of great 
practical importance. Thus, where a definite volume of air (cu. ft. 
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per min.) has to be delivered at a certain velocity e.a. for nn 
of ventilation, the horse-power required decreases as the 

of air (lb. per mm.) has to be delivered, the velocity must 
creased as the temperature rises (to allow for the lower densit,/”^ 
the air); the H.P. absorbed therefore increases. If possihh ^fi!^ 
fan should be installed where it deals with cool air. ’ 

Suppose, for example, that a fan forcing air at 90“ F. (561° absoIut«i fi. 
a preheater ateorbs 10 H.P. If the fan were placed at the pleater 

Sl/ 551 ’' 1557 ’ ( 861 “ absolute), the power consumption ^uTdt 

861 / 551 = 1*55 times as great, ^.e. about 15 H.P. ^ ^ ^ 

.b delivered by a fan varies directly as 

the speed, the .power required to drive it increases as the cube of it 
speed ; for the power is here the product of the pressure and the 
velocity, and the Conner increases as the .square of the speed. The 
work done by a fan in foot-lb. per second == d>(iiP f 2^ 

where d is the density in lb. per cn. ft. 
a the effective area in sq. ft. 
v is the air velocity in ft. per sec. 

Taking g as 32-1 ft. per sec.^ the applied H.P. = (6Lav^ /ax gom 
. (100/ ^). Wh„. ^ i. tk. Ci. vL;i;3 

SO per cent, to 40 per cent, with straight-bladed fans, to 50 per 
cent, with curved forward bladed fans, or even higher in larue 
sizes. In the case of an electrically driven fan the losses in the 
motor must also be taken into account in determining the power 
consumption in kWh ; for motor efficiencies see Tables 113 114 
^ I^ragraphs on individual types of motors in Chapter 28. 

_ approximate formula, correct at about 50° F is 

B.H.P. = (F X W.G X 5-2 / 33 000) x (100 / E), where F is the 

ft. per min. ; this, however, takes no account 
ot alterations in density. 

example, suppose we require to deliver 80 000 cu. ft. of aii 
p r mm. at a temperature of 60° S’., under a pressure of 2J ins. W.G. or 1-47 oz per 

resiindiiSto ® theoretical velocity is indicated as 105 ft. per see., ‘cor- 

forfto^bfflm “ °f 43 ou. ft. per min. per sq. in. of effective area. There- 

so ino ni- io Q * discharge the effective area should be 80 OOO / 43 = 1 860 

q. ms. or 12-9 sq. ft. Then the theoretical power required may be found either bj 
H.P. = (velocity x total pressure) /650 
= 105 X (1 860 X 1-47)/ 650 x 16; 

~ 8*^ ~ (0*078 X 12*9 X 105“) / 35 300 ; 
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Table 143 . — Outputs and Power Requirements of Sirocco 
Single-Inlet, Cased Full-Width Fans. 

{By courtesy of Messrs, Davidson S Co. Ltd.) 


ITote. — There are standard sizes intermediate between those tabulated below 
(g.g. 7 ^, 12^, 17^, 25 ins., etc.) ; their speeds, outputs and H.P. can be interpolated 
for purposes of general estimates. 


Fan 


Static Water Gauge, in Indies.* 

Inches. 

t 


1 

H 

2 


3 


R.P.M. ! 

1 770 

2 540 

3 115 

3 615 

4 000 

4 384 

5 

Ou. ft. per min. 

230 

340 

415 

480 

525 

580 


B.H.P. 

0-032 

0*095 

0-17 

0*27 

0-37 

0*5 


R.P.M. 

885 

1 270 

1560 

1800 

2 000 

2 190 

10 

Cu. ft. per min. 

970 

1 420 

1 740 

2 020 

2 200 

2 418 


B.H.P. 

0*14 

0-4 

0*75 

1*1 

1-6 

2*0 


R.P.M. 

585 

840 

1030 

1200 

1 330 

1450 

15 

Gu. ft. per min. 

2 245 

3 275 

4 020 

4 670 

5 080 

5 585 


B.H.P. 

0*31 

0-9 

1-75 

2*6 

3-5 

4*76 


R.P.M. 

460 

630 

775 

900 

995 

1090 

20 

Cu. ft. per min. 

3 930 

5 737 

7 037 

8 180 

8 890 

9 780 


B.H.P. 

0*55 

1-6 

3-0 

4*5 

6-25 

8*25 


R.P.M. 

290 

420 

620 

600 

660 

726 

30 

Ou. ft. per min. 

9 290 

13 540 

16 610 

19 300 

20 980 

23 090 


B.H.P. 

1-25 

3-76 

6-75 

11-0 

14*5 

19*0 


R.P.M. 

230 

316 

' 385 

450 

495 

645 

dO 

Cu. ft. per min. 

16 315 

23 800 

29 210 

33 950 

36 890 

40 595 


B.H.P. 

2*25 

6-5 

12-0 

19-0 

26*0 

34*0 


R.P.M. 

175 

255 

310 

360 

400 

440 

50 

Gu. ft. per min. 

25 840 

37 710 

46 276 

55 790 

58 440 

64 305 


B.H.P. 

3*5 

10*6 

j 19*0 

31-0 

41-0 

54*0 


R.P.M. 

146 

210 

258 

300 

380 

363 

60 

Ou. ft. per min. 

37 670 

64 890 

67 460 

78 410 

85 210 

93 750 


B.H.P. 

6*25 

15-0 

28-0 

44*0 1 

60-0 

79-0 


* Authoes’ Note. — It is particularly to be noted that the pressures given in this 
table are static water gauge values, i.e, the pressures actually available at the fan 
outlet to overcome the resistance in the air circuit to which the fan is applied. Some 
manufacturers quote ‘total water gauge’ pressures, i.e. the static water gauge 
pressure plus the pressure absorbed in overcoming the internal resistance of the fan 
and in imparting velocity to the air. Though the total water gauge is of interest as 
regards the overall effilcienoy of the fan, the static water gauge is what concerns the 
user, as this alone is the pressure available to drive air through his ducts, etc. The 
distinction between the two methods of rating is vital but is not always made clear, 
particularly when total water gauge figures are cited. Whereas the fan efficiency 
calculated with reference to the static water gauge cannot be higher than about 
52 efficiencies of TO-80 % can be obtained when calculations are based on the 
total Water gauge. Where total water gauge figures are given, it should be ascertained 
how much of the total pressure is absorbed internally by the fan. The^ correct 
application of fans is as important as the choice of a good fan of suitable size. In 
particular, a suitable expanding outlet on the fan greatly improves the performance 
by converting velocity to pressure. 
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The answer in each case is about 33 H.P., so that wifi. * 

40 % the motor must deliver 82 B.H.P. The fan in practice wouiTk 
larger than is indicated by the area found above, say 56 ins or 60 in^ 
according to type and design. ’ ^ ^s-meter, 

Table 14,3 shows the output and power reauirpm»„t , 
single-inlet, ‘full width’ Sirocco centrifugal fans^ these h'° 
suitable for handling large volumes of air at moderate 
sures. The outputs and power requirements of double-inlet 
are twice those shown in the table for single-inlet fans of the 
diameter. ,, 

‘ Three-quarter width ’ fans (i.e. fans of three-quarters the wMtt 
of the ‘full-width’ fans of equal diameter) are supplied for higher 
pressures up to 5-in. static water gauge {see footnote to Table S 
Fp to 3-m. static water gauge these fans are driven at the sam. 
speeds as the ‘full-width’ fans of equal diameter and have th! 
approximately 70 to 76 of the output and power requirements o 

a? abftT 9 fi they are drive, 

at about 1 28 times the speed required for 3-in. static water eauee' 

they then deliver 1-28 times the volume of air, corresponliilo 
m water gauge, and absorb about 2-1 times the horse-power 

Table 143 does not apply to the special type of fan made for duah 
removal purposes. 

Care should he taken that the fans in any instaUation are 
operated under the conditions for which they are designed. The 
output from_ a given fan can be increased by increasing the revolu- 
tions per minute, but this involves a disproportionate increase in 
H.P. absorbed, owing to loss of efficiency. Except for temporary 
service or in emergency, a fan should never be driven abL its 
Jdesired^*^’ ^ deinstalled where greater delivery 

through Ducts.— Where air has to be 
forced through pipes or ducts the pressure head, or loss due to 
friction, m proportional to the surface with which the air comes in 
contact, i.e. it varies directly as the length and inversely as the 
diameter of a pipe ; it also varies wdth the square of the velocity, 
Sturtevant {Mechwnical Draft) gives the following formula for 
smooth galvanised iron pipes with all laps extending in the direc- 
tion ot the air mov^eiaent : — 


p = Wj 25 OOOd: 

I = 25 OOOdp / ifi 
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where P = of pressure in oz. per sq. in. 

'V = velocity in feet per second. 

I = length of pipe in feet. 
d = diameter of pipe in inches. 

Thus in 100 ft. of 60-m. pipe, -with a velocity of 100 ft. per sec., 
the loss of pressure would be 0*66T oz. per sq. in. or 1*16 in. 
W.G., and at half the velocity the loss would be one-quarter of 
this, or 0*167 oz. The theoretical amount of power required to 
move a given volume of air is measured by the product of the 
distance moved and the total resistance overcome. Thus, if air is 
moved under a pressure of 8 oz. per sq. in., tables show that the 
issuing velocity will be about 14 380 ft. per min. ; if the effective 
area of discharge is 6 ins. the total pressure will be 48 oz., or 3 lb. 
Then the work done is 14 380 x 3 - 43 140 ft. -lb. per min., or 
1 J H.R This takes no account of the inefficiency of the blower 
or of frictional losses. 

For ascertaining the resistance when air is passed through 
ducts the following formula (agreeing with SturtevanFs) is given 
by Unwin : — 

R (at 50“ F.) = LV^ / 14 450ci, 
where R = resistance in inches water gauge. 

L ~ length of duct in feet. 

V = velocity of air in feet per second. 
d — diameter of circular duct or length of side of 
square duct in inches. 

Thus in a particular case L was 185 ft.; V was 370 ft. per 
min., or 6*1 ft. per sec. ; P — 37*5; and d was 14 ins. Then 
R = 0*025 in. W.G., or 0*014 oz. per sq. in. There is a small 
correction according to the absolute temperature of the air. From 
the above formula, where R is known, 

Cubic feet of air per minute = 40v^ d^B / L for circular ducts. 

,, „ ,, „ = 50x/ d^R I L for square duets. 

Diameter of round duct ^ J 40)‘^ k L / R. 

Side of square duet ^ ^ {c f 50'f x L f R, 

where c == cubic feet of air per minute. 

766* Air Compressors. — The quadruples single-stage com- 
pressor is probably the most generally useful type of air com- 
pressor for small or medium outputs, up to about 500 cu. ft. of 
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free air compressed to pressures from 20 to 120 lb ner 
This machine has four radial cylinders with trunk piston?^!; 
the four connecting rods all operate on the same cmnkS 
When roller bearings are used on the crankshaft and erant^! 
the compressor can be driven at high speed and is suitabX 
direct coupling to an electric motor. Such a compressor 
a direct-coupled motor is relatively light and compact • wh ! 
mounted on a truck it can be taken near to the compresserf »• 
tools m workshop, field, mine, etc., thus eliminating the cost 
pennanent distribution pipes, and the frictional and leakage 
arising therefrom. ° 


Table 144.— iforse-Pomer Required by Quadrwplex Air 
CoTnpressoTs, 

(By courtesy of Messrs, Reavell <£ Co, Ltd,) 


Size. 

R.P.M. 

Piston 

Brake Horse-power t Required for 
Pressure. Ih. uer Sn Tn 

Delivery 

Displacement. 



■V 1- 




Ou. Ft. /Min. 









20 lb. 

60 lb. 

100 lb. 

120 lb. 

QK 6x4 

400 

600 

800 

102 

152 

203 

13 

22 

13 

22 

33 

17 

26 

38 

18 

27 

40 

QR 7^ X 5 

400 

199 

16 

26 

34 



600 

700 

298 

348 

25 

34 

44 

53 

52 

63 

58 

66 

QR9 X 6 

400 

347 

27 

44 

58 

60 


600 

520 

43 

75 

93 

QA compressed and delivered at 100 lb. per sq. in. is about 

80 °/^ of the piston displacement. ^ 


. compressor shaft. For oontinuoug operation it is advisable to add 6 °/ 

to these figures; and where gearing or a belt is interposed between the motor and the 


Table 144 shows the horse-power required at the compressor 
sat y quadruplex compressors of various capacities. These 
figures correspond roughly to 700, 440, 350, and 330 cu. ft. of 
free air per kWh delivered at 20, 60, 100, and 120 lb. per sq. in. 
respectively. For comparison, the data in Table 145 are repro- 
duced * showing the air output and cooling water requirements of 


Prom Power Engineer^ Vol. 23, p. 286 
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reciprocating and sliding-vane rotary compressors rated at from 
105 to 125 cn. ft. of free air per min. 

Table 145. — Gomparison Between Smcoll JReciprocaHng and 
Rotary Oompressors. 



Type of 
Compressor. 

Cu. Ft. of Free 

Cooling Water , Gallons 

Compression. 

Air Compressed 
per kWh. 

per 100 Cu. Ft. of 
Free Air Compressed. 

Single-stage to 44 lb. gauge 

Botary 

520 

1*6 

Beciprocating 

510 

1*1 

Two-stage to 88 lb. gauge 

Botary 

354 

2*9 

Beciprocating 

425 

1*6 


Where larger quantities of compressed air are required, at 
pressures up to 120 lb. per sq. in., vertical double-acting, two-stage 
compressors may be employed. The low-pressure and Mgh- 
pressure cylinders are side by side, and the connecting rods and 
crankshaft run inside a closed crankcase. Typical data for these 
machines are given in Table 146. 

A reciprocating compressor, provided with by-pass valves to 
enable the machine to start light, needs about 30 % full-load 
torque to overcome static friction and about 25 % full-load 

torque to bring it up to full speed. 

Table 146. — Horse-Power Required hy Vertical, Double- Acting, 
Two-Stage Air Compressors. 

(By courtesy of Messrs, Beavell d Co. Ltd.) 


Size. 

Cu. Ft Free 
Air per Min. 

R.P.M. 

B.H.P. at 
120 lb. per 
Sq. In.* 

Size. 

Cu. Ft. Free 
Air per Min. 

|R.P.M. 

B.H.P. at 
120 lb. per 
Sq. In.* 

VO 6 

500 

1 480 

110 

VC 12 

2 000 

262 

450 

VO 8 

750 

416 1 

166 

VO 14 

3 000 

240 

675 

VO 9 

1 000 

360 

225 

VC 16 

4 000 

240 

900 

VO 10 

1 500 

320 

340 

VO 17 

5 000 

222 

1 125 


*Fox 100 lb. per sq. in. delivery pressure, tBe B.H.P. required is about 93 of 
tbe values stated above. 


Centrifugal or turbo-compressors are used where very large 
quantities of compressed air are required, as for mining service. 
Standard sizes of such machines compress from 3 000 to 18 000 
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ca. ft. of free air per min., delivering it at pressures up to 12 n ik 
per sq. in. (gauge). A typical installation of this class coneii 
a compressor delivering 8 800 cu. ft. of free air per min at S a 
(gauge), driven at 5 600 r.p.m. by a 2 QOO HP 1 435 
5 000 y, 50-cycle induction motor through douhle-hehcal 

_ Rotary blowers and exhausters are convenient forVr 
with air, or other gases, at moderate positive pressures or 
vacua. In the ‘ crescent type ’ blower a drum, rotating eccer hi 
cally inside a cylindrical casing, is provided with slidine radS 
vanes which are driven outwards by centrifugal force wLn T 
drum rotates. The crescent-shaped space between the drum anri 
the casing is divided, by the vanes, into a number of pockef 
which decrease in volume as they approach the delivery side 
Air drawn m at atmospheric pressure i.s thus delivered at a nosi 
tive pressure ; or air extracted from a partial vacuum is compressed 
and expelled at slightly above atmospheric pressure. If the vane« 
actually rub against the casing there is considerable loss of powe 
by friction and the permissible speed of rotation is low. Inaa 
improved form of the machine, known as the ‘ rolling-drum ’ tvue 
the vanes bear on a cylindrical liner carried by roller bear’ 
mgs and running inside the casing with very small clearance 
ihis liner has diagonal lines of perforations to allow the air to 
enter and leave the pockets formed by the vanes, and it is carried 
round with the latter by their radial pressure on its iunffi- surface 
Friction being thus practically eHminated, the ‘ rolling-drum ’ com- 
pressor or exhauster can be driven at high speed by a direct-coupled 
motor; typical data are given in ‘Table UY. The applications of 
this t^e of machine include the supply of low-pressure air for 
agitation, pneumatic transport, atomising, scavenging, sand blast- 
ing, etc. ; and low-pressure gas for distribution or furnaces : also 
as an exhauster, for priming centrifugal pumps, operating vacuum 
pumps, and so on. 

Points to be watched in any compressed air installations are 
as follows : — 

“let P^vent the vear and 
ffltenhLld bl wT ’"f, drawn into the machine. Tie 

msSt ^ ^ ^ power and reduction of capacity wiil 

(2) An automatic ‘ unloading ’ valve should open the discharge side of the 

bwlf' alternative is to continue to force air into the receiver, meanwhile 

Mowing off an equal volume through a safety valve on the receiver ; this is obviously 
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wasteful of power. The unloading valve must be opened by a relay or servo-motor 
when the desired pressure is reached in the receiver ; it must not require any 
appreciable pressure to hold it open, otherwise the compressor has still to compress 
air, which is then blown to waste. Alternatively, the ‘ unloading ' valve may close 
the suction inlet so that the compressor pistons run in vaotio as long as the receiver 
is fully charged. Where the compressor is driven by a D.O. motor the speed of the 
latter may be varied automatically to suit the demand for compressed air. 

Table 147. — Morse-Power Required hy Boiling-Drum Type 
Botcory Air Compressors and Exhausters. 

(By courtesy of Messrs. Beavell & Co. Ltd.) 


Size.* 

R.P.M. 

Compressing. 

Exhausting. 

Cu. Ft Free Air 
Delivered per Min. at 

B.P.H.f Required at 

Cu. Ft. As- 
pired Air 
Dealt with 
per Min. 
at Ins. 
Mercury 
Vacuum. 

E.H.P.f 
Required 
at Ins. 
Mercury. 

5 lb. 

101b. 

15 lb. 

201b. 

51b. 

101b. 

15 lb. 

20 lb. 

10" 

20". 

10". 

20". 

R3| X 5 

2 COO 

29 

24 



H 

2 



26 

13 


2 


2 500 

40 

35 

— 

— 

2 



— 

39 

25 

2 

% 


3 000 

51 

46 

— 

— 

2| 


— 

— 

48 

36 

24 

S4 

R5 X 5 

1760 

60 

62 

45 




4 




52 

42 


Si 


2 200 

78 

70 

62 

— 



7 

— 

70 

57 




2 600 

94 

85 

78 

— 



9 

— 

85 i 

70 

4 

5i 

R6 X 8 

1500 

132 

112 

92! 




9 

12 



no 

92 

5| 

6J 


1880 

174 

154 

134 

— 



15^ 

— 

146 

129 


% 


2 260 

215 

194 

175 

— 

12ib 

16 

194 

— 

180 

165 

9 

10 

R8 X 12 

1150 

270 

242 

210 

180 

11 

15| 

21 

26 










1440 

344 

316 

284 

252 

16^ 


27| 

33| 

— 

— 

— 

— 


1725 

419 

390 

358 

320 

21i 

28 

35^ 

43^ 

— 

“ 

— 

— 

R 12 X 18 

760 

680 

620 

630 

430 

25 

33 

44 

54 










940 

830 

780 

690 

580 

33 

43 

67 

70 

— 

— 

— 

— . 


1125 

990 

930 

840 

740 

43 

55 

71 

89 

— 


— 

— 

R18 X 27 

500 

1420 

1260 

1100 

960 

46 

77 

108 

138 









625 

1800 

1625 

1470 

1330 

61 

96 

132 

168 

— 

— 

— 

— 


760 

2170 

2 000 

1840 

1700 

77 

117 

160 

210 


— 

— 



* Intermediate sizes are available, hut the above Table indicates the range and 
irequirements of these machines. 

+At the compressor or exhauster shaft. Eor continuous operation add 5 °/o to 
these figures and, where a gear or belt drive is employed, add a further 6 to allow 
for the power loss therein. 
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(3) Some makes of air compressors are far from being perfectly bnl.T,^ j . 

efieot of any out-of-balanoe forces must be considered. ^ “"“ed;the 

(4) Permanent pipe Unes and air hoses should be of sufficient dl.™ + 

prevent excessive pressure drop due to frictional resistance. “ 

(5) The whole of the compressed air system should be tested freeuentw t 

leaks ; these are often very serious in an extensive network. ^ ^ 


767. Electric Driving of Water Pumps.-The principal 
types of water pumps are mentioned in the succeeding para 
paphs, with special reference to their characteristics as influcne 
ing the choice of driving motor. In general, centrifugal and 
turbine pumps may be direct coupled to high-speed electric 
motors, whereas ram pumps run at such low r.p.m. that they 
are usually driven through single or double reduction heheal 
gearing. Usually pumping is a long-hour service and the driving 
motor must be rated for continuous operation. It is, however 
an easy matter to start and stop electrically driven pumps auto- 
matically by means of float switches, pressure- controlled switches 
or other devices. Either horizontal or vertical shaft motors may 
be used, a vertical shaft motor direct coupled to a multi-stage 
centrifugal pump being very useful in pumping out boreholes, etc 
Pump-driving motors are often, by reason of their situation, 
liable to be flooded, and in some cases it is convenient to immerse 
the motor and pump in order to retain the advantage of direct 
coupling, whilst avoiding suction pipe, foot valve and the necessity 
of priming. Several types of motors have been developed for 
continuous operation under water. In one of these,* the motor 
rotor is used as the water impeller, thus eliminating the glands 
otherwise required. The machine is a squirrel-cage motor with 
the stator core and winding enclosed by a water-tight, non- 
corrodible casing fllled with transformer oil. TVater entering at 
one end of the machine flows through ducts in the rotor to the 
impeller bolted on to the other end of the rotor. Whether the 
machine is used above or under water, the windings are cooled 
very effectively by the oil and water. 

768. "W^ater Data and Calculation of Power in Pumping. 
—Since work done at the rate of 33 000 ft.-lb. a minute (550 ft.-lb. 
a see.) is equal to 1 horse-power, it is necessary to know the weight 
of water to be pumped in a given time and the total height to which 
it is to be raised. 


* The ‘ Electromersible ’ pump; see El. Rev., Vol. 102, p. 5T2. 
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1 cu. ft. of water 


1 gallon {Imp.) of water 


1 U.S.A. liquid gallon 
1 eusec (cu. ft. per sec.) 


= 6 '235 gallons (/mp.) = T‘48 U.S.A. 

liquid gallons = 62 '35 IId. 
= 0’02832 cu. metre = 28'32 litres. 

= 0-16 cu. ft. = 10 lb. = 1-2U.S.A. 

liquid gallon 

= 0’004546 cu. metre = 4'546 litres 

= 4 ’536 kg. 

= 0'833 gallon (Jmp.). 

= 6-24 gallons (Imp.') or 62 -4 lb. per see. 

= 374 „ 3740,, „ min. 

= 22 440 „ 224400 „ „ hr. 


1 eu. metre (m.®) 


= 0‘0283 cu. meter per sec. 

= 35-31 cu. ft. = 2 200 lb. 

= 220 gallons (Imp.) = 264 U.S.A. 

liquid gallons. 


1 m.3 per sec. = 35-31 cusecs. 

1 ft. head of water = 0-435 lb. per sq. in. 

1 lb. per sq. in. = 2-3 ft. head of water. 

The total height to which water has to be raised must include 
an allowance for the friction losses in the pipes and bends, over 
and above the vertical lift. Many formulae and tables are ^ven 
by as many authorities for ascertaining the loss of head in friction 
in straight pipes ; see § 247, Vol. 1. 

As regards the friction in small pipes. Table 148 gives the loss 
of head, L, in ft. per 100 ft. of pipe, and the quantity, Q, in gallons 
per minute at various velocities, in feet per second. 

As pipes seldom remain clean, it is as well to be on the safe 

side, and the above values allow a margin for this. The loss of 

head in bends is usually small compared with the above^, and, so 
far as domestic pumping is concerned, an addition of 5 to the 
above friction losses will generally more than cover it. For friction 
losses in larger pipes. Chapter 10 on Water Power may be con- 
suited (§ 247, Yol. 1). 

The only useful part of the work done in pumping is that 
expended in overcoming the static head. The additional head 
corresponding to the frictional resistance of the pipe line involves 
a waste of energy analogous to the P R loss in an electrical con- 
ductor. Pumping is generally a long-hour service, hence it pays 
to install large pipes in order to keep the frictional loss down 
to a minimum. In particular, it is usually advisable to fit an 
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enlarging adapter (a length of tapered pipe) to a centrifugal 
pump so that the diameter of the pipe line can be larger than that 
of the pump outlet. 

In speaking of the vertical lift, it must be understood that this 
includes both the suction and delivery. As regards the former 
the theoretical limit of suction at sea-level is about 33 ft. or the 
height at which a water barometer tube would normally stand. 
In practice it is not possible to get nearly a perfect vacuum in 
a hydraulic pump, and the limit of suction actually obtainable is 


Table 148 . — Discharge and Loss of Head in Small Water 

Dipes, 


Diam. 





Velocity, in Feet per Second. 




Inclies. 











- 



1 

2 

2*5 

3 

3-5 

4 

4*5 

5 

5*5 

6 

1 

Q 

2-02 

4*05 

5*0 

6*06 

7*18 

8*1 






L 

0*8 

2*8 

4*3 

5*8 

7-8 

9*5 

— 

— 

— 


2 

Q 

8*1 

16*2 

20 

24*3 

28*7 

32*4 

36*8 

40*5 

. . 



L 

0*4 

1*6 

2*5 

3*5 

4*7 

6*2 

8 

10 

— 

- 

3 

Q 

18*4 

36*8 

45*5 

55 

64*3 

73*6 

82*3 

91*6 

100 

no 


L 

0*3 

1*1 

1*7 

2*1 

2*9 

3*7 

4*7 

5*8 

7 

8*8 

4 

Q 

32*7 

65-5 

81 

98 

114 

131 

146 

162 

”179 

195 


L 

0*2 

0-65 

1*0 

1*4 

1*9 

2*5 

3*2 

4*0 

4*8 

6*6 

5 

Q 

51 

102 

127 

153 

179 

204 

228 

256 

279 

306 


L 

0*15 

0-45 

0*73 

1*0 

1-4 

1*9 

2*4 

2*9 

3*5 

4*2 

6 

Q 

73*5 

147 

182 

220 

256 

293 

331 

368 

408 

440 


h 

0*1 

0-36 

0*56 

0*8 

1-1 

1-5 

1*8 

2*3 

2*8 

8*2 


about 24 ft. with plunger-type pumps, varying with the size. 
Centrifugal and turbine pumps create hut little suction and 
therefore generally require priming at the start, after which they 
can maintain the suction; auxiliary pumps can he arranged to 
prime the main pumps automatically. Centrifugal or turbine 
pumps may with advantage be submerged, and in any case it is 
advisable to reduce the suction head as far as possible by dropping 
the pump, i.e. placing as much as possible of the pipe line on the 
delivery side of the pump. To eliminate all possibility of an air 
trap, the suction pipe should rise continuously. 

The horse-power required to deliver Q Imperial gallons per mia 
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against a total head of H ft. is H.P. = QH / 33 ^ 0*03 QH J B, 

where E = overall efficiency (per cent,) of pump, motor and gear- 
ing, if any. Since the equivalent pressure P = Q-435 E Ih. per 
sq. in., the above formula may also be written : 

H.P. ^ QP/ 14*4^ = O Or QP / E. 

These formula are very convenient if a suitable value is 
known for the overall efficiency E °j^. Generally, it is preferable 
to proceed by stages, as explained below. 

Having ascertained the total head, and the weight of water to 
be lifted per minute, the product of these quantities, divided by 
33 000, gives the pump horse-power (P.H.P.). The brake horse- 
power (B.H.P.) required to drive the pump must next be found, 
by dividing the B.H.P. by the percentage efficiency of the pump. 
The efficiency is a very variable factor, but in all small sizes of 
centrifugal pumps, such as are commonly used for domestic 
electric pumping, it is very low^ — from 30 to 40 7o* large 
sizes of turbine ^ or ram pumps the efficiency may rise as 
high as 80 or even 85 7o- pump efficiencies of 40, 60 and 

85 7o '^fth a small allowance for pipe losses, the following round 
figure rule will give the B.H.P. required for driving the pump viz. : 

B.H.P. = Gall, per min. x Lift in ft./l 400 or 2 100 or 2 900. 

Motors are listed by manufacturers according to their rated 
output in B.H.P., but two ratings are often given according to 
whether the work is to be intermittent or continuous ; for pumping 
the continuous rating must be taken. The efficiency of very small 
motors up to 1 B.H.P. may be taken as varying from 65 to 70 7o 
and up to 3 or 4 B.H.P. as 70 to 80 7o- This must be taken into 
account when ascertaining the electrical horse-power (E.H.P.) at 
the motor terminals and the probable consumption of energy and 
the current in the wires ; and if belt or gear driving is used the 
loss in the drive (5 7o tipwards) must also be taken into account. 

In order to ascertain roughly the kilowatts required to drive 
a motor pump, the following approximate rule may be used, on the 
lines of that given above for mechanical power : 

kW to motor = Gallons per minute x Lift in ft./ K, 
where K has the following values : — 

* Useful curves of efiBcienoy, horse-po'wer, and revolutions per sec. of centrifugal 
and turbine pumps will be found in a paper by J. T. Bossiter in the Engineer for 
June 12th and 19th, 1914. 

vou. III. 
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Pump Efficiency. Motor Efficiency. Value of £• 


Small pumps . 

0*4 

0*7 

Medium pumps 

0*6 

0*8 

Large pumps . 

0*85 

0*9 


Example. — Assume that 3 000 gallons an hour are to be pumped up a vertical Vfr 
of 60 ft. in a 3-in. pipe 350 ft. long. Then weight of water per min. is 500 lb qif 
velocity in the pipe will be about 2f ft. per second, and the loss of head about '> ft 
per 100 ft. length (Table 147), or 4*9 ft. in all. Hence the total head will t 
practically 67 ft. The work to be done by the pump will be 500 x 67/33 non 
practically 1 pump H.P. 

Assume that a centrifugal pump'.with an efficiency of 30 only is to be uswi 
and the power required to drive it will be 1 / 0-3 or 3 B.H.P. If gearing or a belt 
used, there are the extra losses of these to be taken into account, and in practice at 
least a 3J B.H.P. motor (continuous rating) would be used. If the efficiency of the 
motor is 80 the input will be 4*4 B.H.P. or (multiplying by 0*746) 3*3 kW. TH 
is equal to 15 A at 220 V or 80 A at 110 V. The consumption of energy will in either 
case be 3*3 units per hour. If the price per unit is 2d., this works out to 
1 OOO gaUons. * ^ 

Using the rough formula for the power consumption of small pumps given 
above we have ^ ° 

500 gals, per min. x 67 ft. / 1 300 = 2*6 kW, 

the difference being due to the very low pump efficiency now assumed and the extra 
allowance given to the motor. 


The cost of pumping by larger machines is, of course, much 
lower. For example, the double suction turbine pumps installed at 
Minneapohs some years ago delivered 24 million gallons daily 
through a 60-in. pipe 19 000 ft. long, against a head of 235 ft., of 
which friction accounted for 18 ft. The pump efficiency was over 
80 7o- A 1 200 H.P., 2 200 V, 3-phase induction motor drove the 
pump at 514 r.p.m. The overall efficiency of the set was 75 "/ , 
and the cost was stated to be 0-22d. per 1 000 gallons at Oigl 
per kWh. The rating of the motor in this case (which was taken 
from an account in a technical paper) must have been very con- 
servative, as the theoretical water horse-power is 1 180. The rough 
formula stated above for the B.H.P. of large pumps gives a more 
generally acceptable result, viz. : 


24 000 000 235 

24 X 60 


1 500 B.H.P. 


As an example of high-head pumping in Simla, 20i-million 
gaUons a year are pumped up against a head, including friction, of 
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2 800 ft. with a consumption of 34?0 500 kWh. This corresponds 
to an ov'erall eflSciency of 


20 600 000 X 10 X 2 800 

340 500 X 2 656 400 


100, or 63 7o (approx.) 


(1 kWh - 2 656 400 ft.-lb.). 

769. Ram Pumps. — Each working stroke of a reciprocating 
ram pump delivers a definite volume of water, regardless of the 
head, hence the horse-power absorbed increases directly with the 
speed of the pump and directly with the head to be overcome. 

For example, if a ram pump absorbs 10 H.P. at 50 r.p.m. and 30 ft. head, it 
will consume, at 55 r.p.m. and 35 ft. head, 10 x (55/50) x (35/30), or 12*8 H.P. 
approximately. 

The delivery, Q, in gallons per minute may be found by the 
formula 

Q — coxnxvx 6*25 x c, 
where a = area of one ram in sq. ft. 

n == number of rams. 

V == effective speed of rams in ft. per min., i.e. half the 
actual ram speed, as only the forward stroke is 
efiective. 

c = percentage slip, say 0*85 to 0*9 to allow for sluggish- 
ness in the valves. 


By transposition the area, and therefore the diameter, of the rams 
for a given delivery can be found, and the stroke and revolutions of 
the crank -shaft can be found from the ram speed ; this is generally 
from 60 to 100 ft. per min. 

Revs, per min. x Stroke in ins. == Actual speed of ram. 


The calculation of the actual power requirements of ram pumps 
is explained in § 7 68. In very small pumps the efficiency may be 
only 25 to 30 but for medium and large outputs the efficiency is 
50 to 60 7o ^ head of about 50 ft., and 70 to 80 7© heads of 
150 ft. and over. The ram pump is specially suitable for small 
deliveries against a high pressure or head. 

Unless relief valves are provided to hy-pass some of the water, 
full-load torque is required throughout the period of starting; 
indeed, at the actual moment of starting, from to 2^ times full- 
load torque is needed to overcome the inertia of the column of water 
to he started in motion, and the static friction in the glands, etc. 
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Cumulatively-compounded D.O. motors or wound-rotor A.C i d 
tion motors are generally employed ; squirrel-cage motors ^ 
used for small pumps requiring up to 5 H.P. or so. These ] 


apply also to pumps of the rotary piston, sliding- vane type, exc nf 
that the torque required at the moment of starting is lower f ^ 
60 % of full-load torque), owing to the smaller static friction ^ 
^ 770 . Centrifug:al Pumps. — In calculations relating to centfi 

fugal and turbine pitmps Duncan and Penman give the followi 
formulae: — ^ 


Let S = speed of periphery of impeller wheel, in ft. per sec 
H — vertical height in ft., or 'head ' of water. 

D == diameter of wheel in ft. 

G- = gallons of water per min. 
p, ^ revolutions per min. 

Then 8 ^ where c is a coefficient of 8*2 for small and 9*8 

for large pumps. 

= v/((? / JH). 

= 156 / D) for small pumps. 

= 186 / D) for large pumps. 

Within the limits of the available driving power (motor H.P.) 
a plunger pump will deliver against any head; in fact, it mmtio 
so, the water being incompressible and the action of the pump being 
positive. On the other hand, there is for every centrifugal pump 
a definite maximum delivery-head, depending upon the design, 
which can only be increased by increasing the speed of the motor. 
Care must be taken, therefore, that the motor is capable of at 
taining the desired speed while developing the necessary horse- 
power. As will be seen from the formulie above, the head against 
which a centrifugal pump can deliver water varies, theoretically, 
with the sc^uare of the r.p.m. ; actually, the head increases le^ 
rapidly owing to the greater friction at higher speeds. 

Provided that the delivery-head of the pump is not reduced 
below the value required, the output of a centrifugal pomp may 
be regulated economically by varying its speed. If the discharge 
be throttled, the head is maintained, but this is an inefiScient 
method of regulating the output. For example, from 65 to 75 
of the fuU-load H.P. is required when the output is reduced to 
zero by throttling the discharge, but this expenditure of pwwei 
is sufficient to maintain about 85 of the normal (full-speed) 
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delivery at about 82 % of normal head if the speed be reduced 
to about 90 7o of normal If the pump be run at 60 % of normal 
speed, about 35 % of normal delivery is obtained at 40 to 45 7^ of 
normal head, and the power consumption is only about 20 7^ of the 
normal full-load value. 

At constant speed (r.p.m.) a centrifugal pump generally delivers 
a greater quantity of water if the head is reduced, the exact shape 
of the head-delivery curve varying with the design of the pump. 
One consequence of this is that, if the head (useful or frictional) 
be increased, the delivery at constant speed is decreased, thus 
compensating more or less completely for the higher power con- 
sumed per gallon actually delivered. In the case of plunger 
pumps, on the other hand, the delivery necessarily remains con- 
stant at constant speed, regardless of the head, hence any increase 
in the latter places a correspondingly higher load on the driving 
motor. 

The choice of motor H.P. for a centrifugal pump is affected con- 
siderably by the form of the head-delivery characteristic of the 
latter. Typical curves, plotted against the percentage of normal 
(rated) delivery, are given in Fig. 386 ; these must be accepted 
only as a general guide. If the head-delivery curve droops only 
slowly beyond the point of normal delivery, so that the delivery 
increases greatly when the head is reduced, the power absorbed at 
constant speed (e.g. when a D.O. shunt or A.C. synchronous or 
induction motor is used) rises greatly if the delivery-head is less 
than normal.* In such cases the pump must be ‘over-motored,’ 
and the motor eflSciency is relatively low at normal pump delivery. 
If a D.C. cumulative-compound motor is used, the speed decrease 
on overload limits the latter by reducing the pump delivery. 
Similarly, if the head-delivery curve be steep, a decrease in head 
increases the delivery to such a small extent that the load on the 
motor may be actually reduced. Under such conditions the motor 
may be rated for the normal full-load, and a high average efficiency 
should be maintained. It is desirable, however, always to choose 


* Apart from the rise in load due to the increase in the product : delivery x head, 
the pump efficiency is low, owing to the frictional resistance of the large volume of 
water flowing through the pump. The power consumption can he restored to normal 
either by reducing the motor speed or by throttling the discharge, so as to restore the 
total head to its normal value ; which is the more economical method depends on 
oiroumstances, especially the losses involved in reducing the motor speed. 
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motors liberally for driving small centrifugal pumps otliA • 
a little extra friction at the glands may seriously overloari tv™* 
small high-speed machines. 

Attention may here he drawn to the note below Table 
(§ 764) dealing with the analogous case of centrifugal fans It i 
been observed in actual estimates for large irrigation pumps tt^ 
some manufacturers guarantee a far higher pump efficiency than 



Fer cent, of Fated fuIFL oad De// very (6a//. per ff/n) 


I’lG. 386. — Oharaot eristic curves for centrifugal pumps at constant speed. 

(a) Normal head-delivery curve. 

(b) Steep head - delivery curve; delivery nearly constant though head 

vanes considerably. ° 

(c) Bange of efficiencies for high-flow, medium-head centrifugal pumm- 

3 000-20 000 gallons per min., 50-150 ft. head. © e » 

(d) Typical efficiency curve for small-flow, high-head centrifugal pump- 
m 200-500 gallons per min., 500-1 500 ft. head. 

(e) lypical efficiency curve for small centrifugal pumps as used for 

domestic service. 


others, but that the H.P. of the motor involved proves the same in 
both cases, or may even be greater for the nominally more efficient 
pump. The explanation of this anomaly lies in the fact that static 
head alone has been taken into account in calculating the efficiency 
in the one case, while the velocity head is also included (as it 
should always he) in the other. In a particular case the efficiencies 
claimed differed by about 15 7^, but the power required was 
identical 

As the delivery of a centidfugal pump depends upon the head 
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to be overcome and the speed at which the pump is driven, the 
effect of a change in speed upon the H.P. consumed can only be 
determined by reference to the characteristic curves of the pump. 

For example, suppose that the cbaracteristie curves are as shown, solid iu Fig, 
387, the normal conditions being 2 OOO gallons per min. delivered against 150 ft. total 
head by a power expenditure of 120 H.P. at 1 000 Curve a represents the 

pump head plotted against the deliveiy, while curve h represents the system head ’ 
( = static head plus frictional head) plotted against delivery. The pump evidently 
operates at the point A where the pump head equals the system head. 

If the pump speed be increased to 1 100 r.p.m. the head becomes about 
150 X (1 100 J 1 000)^ or 182 ft., and the delivery about 2 000 x 1 100 / 1 000 or 2 200 
gallons per min. Plotting 182 ft, against 2 200 gallons per min., we obtain A\ 



Gallons per M mute 


Pig. 387. — Illustrating estimation of centrifugal pump head, delivery and 
H.P. at different speeds. 

Similarly, B gives B' at 1 100 r.p.m., and so on. The system head-delivery curve 
remains imaltered, hence the pnmp now operates at O, corresponding to about 2 530 
gallons per min. and 168 ft, head. 

The power now consumed can be estimated roughly as follows : A delivery of 
2 530 gallons per min. at 1 100 r.p.m. corresponds to 2 630 x 1 000 / 1 100 or 2 300 
gallons per, min. at lOOO r.p.m., requiring 130 H.P. (point X>, curve c). Hence the 
power at 1 100 r.p.m. will be 130 x (1 100/ 1 000)^ or about 178 H.P. 

* If only these data were known the complete head-delivery curve and H.P. 
curve could be calculated, with sufficient accuracy for the purposes of general esti- 
mates, by means of the percentage curves shown in Pig. 386. Thus, from Fig. 386, 
at 40 7o normal delivery, the head is 1*13 times normal (curve a), and the effi- 
ciency is about 46 °/q. Hence in the present case, at 0*4: x 2 000 = 800 gallons per 
min., the head is 1*13 x 150 — 170 ft., and the H.P. is (800 x 10 x 170 / 33 OOO x 0*46) 
or about 90 H.P., which agrees reasonably well with Fig. 387. 
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For driving centrifugal pumps at constant speed, A.C. syn 
clironous or induction motors may be employed. If speed varia 
tion be desired, the D.C. shunt- wound motor is more suitable and, 
by adding about 10 % of series field ampere-turns (cumulative 
compounding), a drooping speed characteristic is obtained which 
tends automatically to restrict the overload on the motor. The 
starting torque required by centrifugal pumps is usually from 20 
to 30 7^ of full-load torque, rising to full-load torque at full speed 
with the discharge open and 50 to 60 of full-load torque at M- 
speed with the discharge closed. 

771. Propeller or Screw-Type Pumps. — Pumps of this type 
are used to raise large volumes of water against low heads for 
drainage or irrigation purposes. A shaft extending through the 
back of a 135-degree (approx.) pipe bend carries an impeller in 
one mouth of the bend (the discharge outlet), the other end form- 
ing the suction intake. The shaft may be driven by a direct- 
coupled synchronous motor of the flywheel type where low speeds 
are required for high-capacity pumps ; smaller pumps may be 
direct-coupled to induction motors or synchronous-asynchronous 
motors. The whole of the interior of the pump, including the 
discharge, is usually under a partial vacuum during operation. 
The pump may he started light, and then * primed’ or filled by 
a small auxiliary vacuum pump after it is up to speed. Propeller 
pumps are usually more efficient than centrifugal pumps for any 
head below 12 ft., provided that the amount of water to be dealt 
with exceeds about 10 000 gallons per min. Pumps of this type, 
12 ft. in diameter, driven at 83 r.p.m., are used in New Orleans to 
pump from 225 000 to 300 000 gallons of water per min. against 
heads ranging from zero up to 12 ft. Smaller pumps, down to 
24 or 30 ins. diameter, are in use at 250 to 350 r.p.m., pumping 
about 8 000 gallons per min. against heads of 5 to 10 ft. A pos- 
sible application for such pumps is in circulating water through 
large steam condensers."*^ 

772. Hydraulic Rams. — That much-neglected device, the 
hydraulic ram, has possible uses in connection with water power. 
Water-hammer, which is a constant source of danger in ordinary 
hydraulic work, gives the motive power in a ram. If a supply of 


* Se& ‘ Propellex Pumps foi Condenser Service,’ by K. K. Annis, JPower, Dec. 27, 
1927, p. 1002. 
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water is flowing from a higher to a lower elevation in a pipe, and if 
the flow is instantaneously arrested, the theoretical rise of pressure 
in lb. per sq. in, is 63-|- times the velocity in ft, per sec. (§ 248, 
Vol. 1). A suitable waste valve is provided at the foot of the pipe 
through which the water can escape : but it is so designed that 
when the velocity of the water issuing through it reaches its 
maximum value it is suddenly closed by the current acting upon 
it. A delivery pipe, reduced in size, is carried on to the higher 
elevation to which it is desired to force a proportion of the water. 
Near the junction, beyond the waste valve, an air vessel is placed 
in the pipe with a non-return valve. The suddenly applied pres- 
sure, as the waste valve closes, forces some water into the air 
vessel, until the available energy is exhausted, and the compressed 
air expands as its non-return valve closes, and forces this water up 
the supply pipe. The cycle of operations is automatically and 
rapidly repeated, and practically no attention is required when 
once the ram is fitted up. A long supply pipe, i.e, a long moving 
column of water, is obviously advantageous ; so is a short delivery 
pipe, with reduced friction losses. The efficiency, i,e. (Flow de- 
livered X rise in feet)/(Total flow x fall in feet), is a very variable 
quantity, depending largely on the relation of the driving head to 
the lift, and may vary from 20 7o "with high lifts up to 90 7o 
more on low lifts. It is possible to lift a small proportion of the 
water (about 1 / 100 of the total) up to twenty times the height of 
the original fall. It is recorded * that a hydraulic ram with a 
power head of 50 ft. and a lift of 140 ft. discharged from 720 000 
to 1 300 000 gallons a day with an efficiency of 85 to 90 7o- 
With such capacities the ram becomes more than a device for 
supplying country houses with water and may serve its purpose 
as an auxiliary in a power scheme, as shown in § 230A, Yol 1 
(5th edition). With large quantities of water the main difficulty 
is found in the violence of the reaction when the waste valve 
closes ; this, however, is being brought under control. 

A device, based on entirely different principles, but with the 
same function of lifting water automatically by means of the 
energy of a fall, is known as the Hydrautomat (§ 230 (2)) ; and 
this has even greater possibilities as an auxiliary in a power scheme 
as well as for unattended irrigation from canal falls. In this, 


Eng. News Record, May 23, 1918, p. lOOO. 
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gradual air compression and release is used in place of ^ t 
hammer, and the action is free from shock. The efficiency 
on very low falls, is higher than that of a ram. ’ 

773- Refrigerating- Machines. —Legislation now in fore 
in this country prohibits the use of preservative materials which 
•were formerly employed in various foods. There has con 
sequently arisen a greater need for refrigerators, not only h 
warehouses and shops but also in private houses. Cold storage 
as a means of preserving meat, fruit and other perishahfe 
foodstuffs during its transport over long distances has been a 
standard part of the equipment of ships for many years past 
Without it, the present concentration of population in cities 
and in industrial pursuits would be impossible ; the standard of 
living in most countries would be reduced, and it is doubtful 
whether the present population of this and other densely populated 
industrial countries could be supported. The successful preserva- 
tion of foodstuffs for comparatively long periods in ships and 
warehouses demands the maintenance of temperatures (different 
for different foods) constant within 1° F. or so; and brine circula- 
tion is necessary in all but small cold stores (less than 1 000 cu. ft,) 
in order to maintain uniform temperature ; in most instances, also, 
close attention is required to the ventilation of the cold store.' 
These are matters which demand the attention of the expert in 
refrigeration ; the electrical engineer’s share in the problem is con- 
fined to supplying motors for the compressors, circulating pumps, 
fans, etc., maintaining a reliable source of electricity supply, and 
installing thermostatic control gear and transmitting or recording 
thermometers. 

Refrigerating equipment for private houses, hotels, restaurants, 
and shops, where raw or cooked food is to be kept for a compara- 
tively short period (usually a day or two), falls under a different 
heading. Here the problem is to maintain a temperature low 
enough to take the place of chemical preservatives in preventing 
the rapid deterioration of perishables, yet not so lo-w as to render 
the food unfit for immediate consumption. Generally a cupboard 
or cupboards, lined with cork or similar heat-insulating material, 
is kept at about 40° to 45° F.* by the circulation of air which is 

* M!ost of the bacteria which attack fresh food are inert at temperatures below 
about 45° F., but very active at temperatures above 60° F. In order to be effeothe, 
the refrigerator must keep the food at a temperature not exceeding 40° to 45° F. 
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cooled by the refrigerating machine. The capacity of this storage 
space may be 5 to 15 cn. ft. in a domestic equipment and 50 to 
250 cu. ft. in models designed for hotels, dairies, hospitals, and so 
on. A small inner compartment kept at lower temperature and 
used for quick cooling is a convenience: and arrangements are 
generally pro\dded for making a limited quantity of ice in the 
form of small blocks by freezing water in trays. 

Table 149 shows leading particulars of a number of British 
electrical refrigerators on the market during recent years. For 
small storage capacities, up to 45 cu. ft. or so, the continuous 
absorption machine offers the advantages of lower first cost, com- 
pactness and simpler maintenance owing to the absence of motor, 
compressor and other moving parts; its average electrical con- 
sumption, however, is somewhat higher than that of motor-driven 
compressor refrigerators.^ When selecting refrigerators, attention 
should he paid to the quantity of water (if any) required for cool- 
ing. In most places an extra charge is made for water used for 
such purposes, up to £1 or so per annum for domestic refrigerators, 
and by meter for commercial refrigerators. According to the size 
of the refrigerator and the temperature of the atmosphere, from 
3 to 4 kWh per diem may be required to operate a small domestic 
refrigerator cabinet. 

There is already a large demand for electrical refrigerators for 
use by tradesmen, and this demand will extend because refrigera- 
tion now offers the only permissible means of preserving perish- 
able foodstuffs, quantities of which must be kept in stock. Small 
electric refrigerators for domestic use would he adopted more 
widely if the first cost of the equipment were materially reduced. 
It may be argued that there is already an enormous number of 
these appliances in use in the U.S.A. but, apart from the different 
spending powers of the two countries, it seems to be forgotten 


To provide for the rapid absorption of heat from fresb food, and for drying the air 
in the cabinet by freezing out moisture, the cold-producing part of the refeigerafcor 
is usually at 30® P. or a lower temperature. 

*At Id, per kWh, lOO W saved on the average continuous (24-br.) electrical 
100 X 24 X 365 

consumption represents = 876d. or £3 13s. per annum, correspond- 

1 000 

ing to 5 °/o on £73 investment. In other words, it is worth while to pay up to £73 
more for a machine which saves 100 "W continuously; or £36 10s, extra if the 
machine is used only 6 months per annum ; and so on. If electricitiy costs more 
than Id. a unit, the capital value of 100 W saving on the power consumption is 
correspondingly increased. 
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that the climate of the United States is very different from 
own * The average English household has rarely more than tv 
days’ supply of the more perishable foods in its larder, and ther" 
are few days in the year when this supply goes bad before it? 
consumed. Refrigerators are undoubtedly desirable on hygienic 


Table 14)^. —Typical Low-Power Electrical Befrigerators. 





4 

-2 




— - 




2 








a ^ 

s 

.BP 






'i 


i X 

00 









PC3 





J Maker. 

Net Storage C 
On. Ft. 

Shelf Area. 

Sq. Ft. 

Approximate < 
Dimensions. 
Height X Dep 

IH Weight of 
P' Complete. 

1 

ll 

Refrigerant. 

Cooling. 

^ 1 

A 



Z'lW X l'9i" X 

320 

iH.P.; 





n 

71 

X 1'9^' X 2'lli" 

350 

1 cylr. 
JH.P. ; 

Methyl 


Automatic 


10 


s'loi" X rio J" X 3'3r 

380 

1 cylr. 
iH.P.; 

chloride 


thermostat 






1 cylr. 

J 



B 

6 

10 

2'9r X 2'Or X 3'6|" 

345 

No 





10 

— 

— 

— 

motor. 

Ammonia, 




45 



— 

180- 
360 W 

continuous 

absorption 

Water 

Automatic 

thermostat 






heating 

element 

principle 



C 

9 

13i 

500" X 2'li-" X 3'2i" 

896 

iH-P. ; 
2 cylr. 

Sulphur 

Air 

Automatic 






dioxide 


thermostat 

D 

150-330 


— 

— 

f H.P. ; 

Methyl 

Water 

Automatic 






2 cylr. 

chloride 


thermostat 

E 

11 

12 

6'0" X 2^4" X 2'9" 

952 

iH.P. 

Sulphur 

Water 

Hand 







dioxide 


(non-antomatic) 

F 

5 

7|orl0i 

5'2''xr6i"x2'2^" 

400 

166 W 

Sulphur 

Air 

Automatic 







dioxide 


thermostat 


grounds and for convenience, but they are apt to be regarded as a 
dispensable luxury. In some blocks of flats and similar buildings, 
‘ central refrigeration ’ is provided by a high-power refrigerator 
in the basement connected to cold storage cabinets throughout the 
building by lagged brine-circulating pipes. Though no operating 

■^New York is on the latitude of Madrid, and New Orleans on that of Cairo. 
Also, the U.S.A, is subject to Continental extremes of climate which do not occur in 
an island. 
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data regarding such plant appear to have been published at the 
time of writing, the system is obviously convenient and probably 
more economical than the equivalent number of independent re- 
frigerators. 

From the central station standpoint the use of refrigerating 
plant is well worth encouraging. The demand is fairly uniformly 
distributed throughout the twenty-four hours and is of substantial 
magnitude in the case of commercial cold stores and ice-making 
plants ; even small domestic refrigerators consume from 300 to 1 500 
kWh per annum, according to the use made of them, and thus com- 
pares well with the consumption for hghting purposes (§§ 5*76, 607, 
VoL 2).^ 

Compressors for commercial refrigerating plant are usually driven 
by synchronous motors either directly or (the compressors being low- 
speed machines) through belting, sometimes with Leuix pulleys. 

A certain 135-ton compressor was driven by a 550 H.P., 150 r.p.ia. motor, and 
a 225-ton compressor by a 650 H.P., 164: r.p.m. motor. In large plants making 
1 000 tons of ice per day tbe power for the ammonia compressors is about 3*3 H.P. 
per ton of refrigeration. 

A 135-ton compressor is one capable of 135 tons of refrigeration per day. The 
term ‘ ton of refrigeration ’ means refrigerating duty eq^ual to the freezing of 1 ton of 
ice ‘per 24 hrs. The heat extraction needed to freeze 

1 ton (2 240 lb.) of ice per 24 hrs., from and at 32° P., 

= 2 240 X 144 = 322 560 B.Th.U. per 24 hrs. 

« 13 440 B.Th.U. per hr. 

1 short ton (2 000 lb.) of ice per 24 hrs., from and at 32° P., 

= 2 000 X 144 = 288 000 B.Th.U. per 24 hrs. 

= 12 000 B.Th.U. per hr. 

If the raw water is at 60° F., the heat to be extracted to reduce it to 32° P. prepara- 
tory to freezing is 60 - 32 or 28 B.Th.U. per lb. 

In temperate climates, using CO 2 refrigerators and working 24 
hrs. a day, the outputs shown in Table 150 may be expected. 


Table 150. — Power Requirements of CO^ Refrigerators. 


Motor H.P. 

Ice per 24 hrs. 

Storage at 30° F. 

H.P. 

Owfe. 

On. ft. 

1 

2 

100 

2 

6 

300 

5 

20 

2 000 

10 

40 

5 OOO 

20 

90 

14 000 


* The latest available information concerning the development of the refrigera- 
tion load may bef obtained from the Electrical Development Association, 15 Savoy- 
Street, London, W.C. 2. 
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In hot climates the output of ice and the storage at 30° F. may u 
taken to be 15 to 20 % smaller than these figures. Ammonia 
plants require less power than COg machines. 

An a.verage expenditure of from 50 kWh to 60 kWh is req.uired to produce It 
of ice by means of a motor-driven ammonia-compression system. The 
demand of such an outfit reaches about 2*3 kW per ton of ice-making capacity. Of 
this demand about 1*5 kW per ton is due to the compressor itself, the remainder re 
presenting the work of the auxiliary apparatus. These figures represent the con 
elusions reached by a large central-station company after a study of a number of 
ice-making plants where electrical energy is used in motor-driven compressors, in 
energy consumption of 40-45 kWh per ton of ice is quite usual and 21 kWh per ton 
is sometimes reached in winter in the United States. 

774. Portable Tools. — Almost every kind of tool is now 
available with a direct-coupled or geared electric motor forming 
a self-contained unit with a trailing cable which can be plugged 
into the nearest supply socket. Standard plugs and sockets should 
be used throughout, with first-class cables and switchgear, and an 
earthing lead. Either D.C., single or polyphase A. C., or ‘ universal ’ 
(D.C. and A.C.) motors can be used. For lightness and cheapness 
high-speed motors are used so that, except in the case of grinders, 
wood- working machines, and the like, reduction gearing is gener- 
ally required between the motor and the tool spindle. D.C. motors 
for portable tools are generally series or compound wound; AC. 
motors are usually of the 3-phase, squirrel-cage induction type; 
and ‘ universal ’ motors have series characteristics. It is sometimes 
recommended that 50 V or lower voltage of supply be used in 
order to reduce the danger of shock, but low voltage involves heavy 
machines and cables. Given proper construction and an earthing 
lead connected to the motor frame, there is no appreciable risk in 
using the standard industrial voltages for the motors concerned 

The smaller sizes of portable electric drills were originally, and 
are still sometimes driven by D.C. series motors. The ‘ free ’ speed 
of tlie latter is kept in check by the frictional resistance of the 
reduction gearing, etc., and by windage on the rotating parts, but it 
is still very high (up to 15 000 r.p.m. and even higher in very 
small machines). In common with all series motors, the speed 
decreases as the load increases and, at the normal output of the 
tool, it may be only half the ‘free' speed. A possible objection 
to series motors in powerful tools is that the torque developed when 
the tool binds or seizes may tear the machine from the user’s grasp. 
Larger portable tools are often driven by D.C. compound-wound 
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motors, the free speed being then limited by the shunt winding, 
while the series field produces a decrease in speed with increasing 
load, greater than that of the plain shunt motor hut not so great 
as that of the plain series motor. ‘ Universal ' motors, capable of 
operating at about the same speed on either D.C. or single-phase 
A.C. of the same voltage, are series-wound and have the same 
load-speed characteristic as ordinary D.C. series motors. 

A.C. induction motors for driving portable tools offer the ad- 
vantages that their free speed is definitely limited to a value just 
under the synchronous speed (§ 681), and that the decrease in 
speed on load does not exceed from 5 to 10 As a consequence, 
a greater maximum H.P. can be obtained from a rotor of given 
size and free speed. Also, better performance can be obtained 
from such tools as grinding wheels, for the latter can be used in 
economical sizes and at the most efficient full-load speed without 
dangerous racing on light loads. Similarly, the maintained speed 
on lo.ad increases the output and prolongs the life of metal-cutting 
tools. The maximum synchronous speed of a 50-cycle induction 
motor is, however, 3 000 r.p.m., hence a tool using such a motor is 
heavy compared with one embod37ing a universal motor with a free 
speed of 8 000 r.p.m. or so. In order to overcome this drawback 
^ high frequency' induction motors are now often used. These 
are supplied by a motor-generator set or by a frequency-converter * 
delivering A.C. at higher than commercial frequencies. It is found 
that 180 cycles per sec. is about the most economical frequency ; if 
a higher frequency be used the extra weight of the reduction gear- 
ing and the additional care required in lubrication and maintenance 
offset the extra saving on the weight of the motor itself. The 
synchronous speed of a 2-pole, 180-cycle motor is 10 800 r.p.m., 
and the speed at full load is about 9 940-9 720 r.p.m., corresponding 
to 8-10 7o This is a higher full-load speed than can be ob- 

tained with a D.C, or universal motor and, in consequence of the 
maintenance of speed on load, the maximum H.P. developed is 
much higher than with D.C. or universal motors. This point is 
well illustrated by Fig. 388, f which compares four electric grinders, 


* Essentially a slip-ring motor the rotor of 'which is driven backwards by another 
motor so that the freq[uenoy of the * slip ’ current exceeds the frequency of the 
primary supply. 

+Erom ‘ High-Erequency Portable Tools and Equipment,’ by C, B, Coates, 
Jour. Armr, Yo\. 48, p. 521. 
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all of the same weight, driven by : (A) Universal motor geared do’\vn 
about 3 : 1. The spindle or arbor runs at 5 200 r.p.m. on no-load 
and at 2 000 r.p.m. when developing a maximum of 0‘63 Hp 

(B) Geared D.C. compound motor. The free speed of the spindle 
is now 4 400 r.p.m. and 0*81 H.P. is developed at 2 400 r.pa 

(C) Direct-coupled (gearless), 2-pole, 60-cycle induction motor. 
The free speed is just below the synchronous speed of 3 600 r.p.m 
and 0*8 H.P. is developed at 3 200 r.p.m. (D) A 2-pole, 180-cycle 
induction motor is geared down about 3:1. The free speed is 
3 800 r.p.m. and no less than 2 H.P. is developed at 3 200 r.p.m. 
spindle speed. 



Fia. 388. — Comparison "between different types of electric grinders. 

{A) With geared universal motor. {B) With geared D.O. compound motor. 
(O) With gearless 60-cycle induction, motor. {D) With geared 180- 
cycle induction motor. 


Besides the use of electric motors for driving portable drills, saw, 
grinders, etc., there is a large field for their application to slow- 
speed tools such as scre-w-drivers. In the case of screw-drivera, 
a slipping clutch should he provided to limit the maximum torque 
applied. Screw-cutting, reaming, and similar machines are simply 
‘ drills ’ geared down to about 30-60 r.p.m. ; the power absorbed is 
generally from 250 to 1 250 W. 

775. Machine Tools; Wood- Working Machines; Leather 
Machinery. — The type of motors generally used for driving 
machine tools are: D.C. shunt or compound motors with speed 
control by field-variation; 3-phase induction motors, speed variation 
then being provided by change-speed gears in the machine itself, 
and 3-phase commutator motors, with shunt characteristics and 
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speed control by brush displacement. The cost of power for driv- 
W machine tools is generally from 2 to 4 % of the total production 
cost of the work handled, a sum small enough to make it foolish to 
stint the power, but large enough to justify the careful avoidance of 
waste Manufacturers’ statements of the power requirements of 
machine tools are apt to be under-estimated ; generally it is eco- 
nomical to provide an excess of power or, at least, the maximum 
power that can he required under the most unfavourable eircum- 
^anees. Over-motoring results in low average P.F. where induc- 

Table 151. Afproximate Power Requirements of Machine 

Tools. 

H.P. H.P. 


Lathes — ^ . , 

toew-cutting, up to 6-in. centres 
„ 12-in. „ SO-m. „ 

Engine, 60-in. 84-in. ,, 

Face, 5 ft. faceplate 
„ 10-ft. 

Tujnret 

Drills— 

Portable 
Small sensitive 
Vertical 

Radial, 4 ft. to 6 ft. 

Boring mills — 

3 ft. to 9 ft. 

Vertical 

Milling machines — 

Small 

Medium universal 
Heavy . . 

Slotters, 12-iii. to 24-in. stroke 


Shapers, 18-in. to 30-in. stroke 
^-1 Planers, 6 x 2 x 2 ft. 

2-5 12 X 5 X 5 „ . 

5-10 24 X 12 X 12 „ . 

2-3 (double head) 

5-10 Punches, medium . 

2-4 Shears .... 

Cold saws, 12-m. to 24-in. 

Hot saw (‘ cutting,’ maMy 
by frictional heat, 12-in 
channel iron in 30 secs.). 

2-4 Bending rolls . 

Riveting machines . 

5-10 Countersinking machines 
2-8 Grindstones . 

High-speed abrasive wheels — 
J-1 Up to 12 ins. diameter 
2-4 18 ins. to 30 ins. diameter 

5-16 Porge fan, 24 fires 
5-10 


2- 4 

3- 5 
10-16 

40 

2-6 

7-15 

2-5 


25-30 

3-20 

3 


j-i 


2-3 


10 


tion motors are used, but this can he corrected (Chap. 5, Vol. 1), 
and it is better to incur the cost of P.F.-correetion, or some increase 
in the cost of energy supply (§ 274, Vol. 1), than to restrict the 
capabilities of a machine by providing inadequate motor H.P. 
Where feasible, the metering of similar machines in actual service 
provides the best guides to the H.P. required. 

For inf<^TTnfl. t,in n relating to the use of magnetic chucks see 

§ 807. „ , . , 

The figures in Table 151 assume the use of such steels and 

speeds as are employed in average workshops. Higher power may 

be required where special tool-steels are worked to the limit of their 

QQ-? 22 
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capacity, and considerably lower power is sufficient in many eases if 
ordinary carbon tool-steels be employed. 

The remarks made above, concerning the advisability of adequate 
motor power, are specially applicable to wood-working machinery 

Table 152. — Approximate Power Beguirements of Wood- 
Working Machinery, 


Saws — 

Circular 24 ins. diameter 5-10 

„ 48 „ „ 25-35 

„ 60 „ „ 40-50 

,, 30 „ cutting 16-in pine 14 

,, 48 „ cutting 18-in teak 24 

Band, Land feed 2-5 

,, heavy logs 20-40 

Bip, 6-in. hardwood 15 

Fret, up to 8 ins. depth of cut 1-2 

Frame . . . 25-60 

Cross-cut, small . 2-5 

,, heavy . 15-20 

Planers, small . 1-8 

„ high-power 10-15 


General joiners 
Mortising machines — 
Light . 

Heavy . 

Chain mortisers 
Tenoning machines 
Boring machines 
Moulders . 

Pattern-makers’ lathes 
Flooring machines 

Gaining machines 
Sandpaper machines 
Saw-sharpening machines 
Moulding iron girders 


4-6 

24 

10-15 

4-8 

6-10 

8-15 

8-8 

2-3 

10 

15 

2-4 

•li 


owing to the £req[uent occurrence of wet wood, hard spots, etc. The 
advantages of high-speed blades cannot be realised unless the motor 
power is sufficient to maintain full speed under all conditions. 

Table 153. — Approximate Power Requirements of Leathef^ 
preparing and Boot-making Machinery. 


H.P. 


H.P 


Bark breakers (5 to 10 tons per day) 5-10 Clicking presses, peggers, sole 

Tan presses 2-3 levellers, heel fixers, scourers, 

Hide cleaners and rollers, light 1-3 finishers, name stampers, etc. |-1 

,, „ heavy 5-10 Sorewers, heel crushers, trim- 

Bootmakers'' presses and rollers ^-1 mers, pounders, bottom 

Stampers, skivers, splitters, round' scourers, finishing machines, 

ers, perforators, eyeletters, chan etc 1-2 

nelers, trimmers, sewers, etc. 


The light-load power consumption of wood- working machinery 
may be taken to be from i to ^ the full-load power (shown in 
Table 152) for planers, mortisers, tenoning and boring machines, 
and genera] joiners, and from J to J the full -load power in the case 
of cmeiilar saws. 


338 



ELECTRIC DBIVING 


§ 77<5 

There are many leather dressing and tanning processes now in 
use, and a corresponding diversity in the machinery employed and 
in its power consumption. Table 153 includes a few typical figures 
bearing on this industry and on the power consumption of machinery 
used in boot factories. 

776 . Textile Machinery. — Every case for electric driving in 
textile mills has to he considered on its merits. There will he cases 
where it is obviously best to put in a group drive, e.g. in old mills, 
where existing machinery cannot be altered ; but wherever it is 
found possible to adopt the individual drive this method, together 
with a few well-chosen group-driving motors, is undoubtedly prefer- 
able. The supply is generally 3-phase A.C., 50-cycles, 230 V, where 
individual loom motors are used; for the larger motors a higher 
voltage may conveniently be used. The uniformity of turning 
moment with individual driving enables a higher speed to be used, 
giving a greater output and better quality ; the tension on belts is 
easily adjusted to give the smoothest running ; starting and stopping 
by the switch is readily performed; dust and dirt are lessened, and 
with them repairs to the looms. The machinery can be placed in the 
most suitable position without having to take into consideration such 
questions as large rope and belt pulleys, shafting, etc. It is not 
necessary to run the whole mill to operate a few machines. The 
actual power taken by any machine can be measured, and this 
enables the engineer to see that each is working at its best. On 
the other hand, the P.E. is low where many fractional-H.P. motors 
are used unless these are of a ‘ compensated ’ type. In a certain 
case where several hundred small induction motors were used for 
the individual driving of looms, the average P.P. of the installation 
was 0 ‘35-0 '4 Compensated motors are now available, designed 
specially for the driving of looms ; and, if necessary, central ap- 
paratus can be installed for P.F. -correction (Chap. 5, Yol. 1 ). 

The relative prospects for purchased power and private generat- 
ing plant in textile works depend largely on the demand for ' process ' 
steam in the manufacturing operations. In woollen and worsted 
mills and to an even greater extent in dyeing and finishing works, 
the demand for process steam is high, and all the power required 
can be developed by back-pressure engines or turbines exhausting 
iuto the process mains ; the power is then obtained as a by-product 
at costs with which no central station can compete (§§ 176, 188, 
Yol. 1 ). In cotton mills, on. the other hand, there is little use for 
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exhaust steam, hence a private steam-driven generating plant can 
hardly compete with supply from a large modern central station. 
Even in such cases, however, Diesel-driven generators often make 
private generation more economical than purchased supply. 

Table 154. — Power Required to Drive Ootton-Spinninq 

Machinery. ^ 

No allowance is made for starting torque and frictional losses ; see text. 


H.R 

Single-acting Macarthy gin . 
Double-acting Macarthy gin 
Bale breaker .... 

WiUow 

Small porcupine opener 
Automatic hopper feeder 
Vertical beater opener, single 

Crighton 

Vertical beater opener, double 

Crighton 

Exhaust opener .... 
Single opener (without hopper 
feeder) ..... 
Double opener (without hopper 

Single scutcher . 

Double scutcher . 

Card, revolving flat 


iH.P. 

Sliver lap machine . . . T 

Ribbon lap machine (draw and 
lap machine combined) 1 

Comber, single nip, 6 heads 
»> >> »> 8 ,, 

,, double ,, 6 „ s 

„ 8 „ - 

Bundling press 

Banding mjachine 

Tubular banding machine, 3 

heads 

Tubular banding machine, 6 

heads 

Balling machine, per head . 

Plain calico looms (3 to 4 
machines) .... 
Hydraulic cloth press . 


Frames, etc. 



Per H.P. 


PerH.P. 

Draw frame ; deliveries . 

12 

Twiner, French principle ; 
spindles .... 


Slubbing frame ; spindles 

90 

140 

Intermediate frame ; spindles 

180 

Quick traverse winding frame; 


Roving frame ; spindles 

160 

drums .... 

80 

Jack frame; spindles . 

200 

Ordinary winding frame ; 


Mule, Indian and American 


spindles .... 

SOO 

cotton ; spindles 

120 

Oassing frame ; drums , 

80 

Mule, Egyptian and Sea 


Reel (Coleby’s) ; reels . 

6 

Island cotton ; spindles 
Ring-spinning frame ; spindles 

130 

Improved reel (for gassed 


100 

yams) ; reels 

8 

Ring-doubling frame ; spindles 

60 

Single ordinary reel ; reels 

16 

Twiner, Yorkshire principle; 


Double ordinary reel ; reels . 
Copping frame ; spindles 

8 

spindles 

200 

300 


Cotton Spinning , and Weaving. — Table 154, reproduced by 
courtesy of Thomas Broadbent & Sons, Ltd., Huddersfield, gives 
typical data concerning the power required to drive cotton-spinning 
machinery. These figures are for the actual H.P. required to rim 
the machinery; to arrive at the H.P. required for individual 
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add 25 % for frictional losses and 50 % f^^^ starting torque. 
For example, Table 154 shows that the net power to drive a 400- 
spindle ring-spirming frame is 4 x 1 = 4 H.P. Add 25 % = 1 
ELP. ior friction; and 50 % = 2 H.P. for starting torque; and the 
total = 7 H.P. A standard 7^ H.P. motor would therefore be 

suitable. 

The data in Table 155 are published by courtesy of Mr, G. Laird, 
General Manager for India of Associated Electrical Industries, Ltd. 
They give the speed and power required for individual drives in 
the weaving shed and finishing department of a modern cotton 
mill, including frictional losses, and are based on tests carried out 
in twenty-seven cotton mills electrified by the company. 


Table 155 . — Power Required for Cotton Weaving and 
Finishing. 



H.P. 

R.P.M. 


H.P. 

R.P.M. 

weaving. 



SiziTig Department. 



Loom reed space, 


960 

Beam warpers, per row 



» „ » 54" . 

i 

960 

of 6 

5 

675 

» » » 78" . 

1 

960 

Sizing machines 

6 

— 




Size mixing becks 

12 

575 

Finishing Department. 






Huniidifiers . 

35 

710 




Baling presses 

10 

710 

Winding Department. 



Oloth stampers 

2 

1 400 

Grey winders 

3 

575 

Cloth, folders . 

1 

960 

Colour and pirn 



Spray dampers 

5 

475 

winders . 

% 

575 

Mote clearers 

5 

475 

Card - room machin- 



7-cowl calenders . 

75 

365 

ery . 

160 

290 


From various other sources Table 156 is added. 


Table 156 . — Power Required for Cotton Spinning and 
Weaving Machinery. 



H.P. 


H.P. 

Bale breakers 

2-5 

Reels 


Openers .... 

2-4 

40 in. Lancashire looms (180- 


„ high-power 

5-10 

200 picks per min.) . 

2J-4 

Beaters .... 

3-8 

5 ft. sailcloth looms (60-120 


Scutchers .... 

4-8 

picks per min.) . 

1-li 

Carding engines . 

i-1 

Indian cotton mill looms 


Doublers , . . . 

^-1 

Calico looms (3 to 9 ft. reed 


Sliver lap .... 


space) .... 


Ribbon lap .... 

f-i 

Oloth presses 

h-i 

Combers . . • . . 


[Continued overleaf. 
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Table 156. — {Continued.) 

Frames t etc. 



Per H.P. 


Per H.P. 

Slabbing ; spindles 
Intermediate; spindles 
Roving ; spindles . 

Ring ; spindles 

40-50 

55-60 

65-80 

70-100 

Doubling ; spindles 
Winders ; spindles 
„ drums . 

Weft winders; spindles 

200400 

80-120 

120-150 


Woollen and Worsted Machinery . — The figures in Table 157 
reproduced by courtesy of Thomas Broadbent & Sons, Ltd' 

Table 157. — Power Required to Drive Woollen and Worsted 

Machinery. 


BTo allowance is made for starting torq.ue and frictional losses ; see text. 



H.P. 


E.P. 

Wool drying machine 

15 

68-in. raising gig 

5 

Burr crushing machine . 

4 

72-in. double brushing machine 

6 

Mule, 350 spindles x 2^ pitch 

6 

Steaming and cool air exhaust- 

Pirn winder, 40 spindles . 

4 

ing machine 

10-12 

Quick traverse cheese winder, 


Single-dish rotary press . 

3 

40 drums .... 

2 

Double-dish rotary press . 

6 

Warping machine, 20-ft. 


Two-piece rotary press . 

5 

arm x 90-m. gauge 

u 

Napping machine . 

4 

Split drum winder, 40 drums . 

2 

Pump (2-plunger), li in. 

Warp sizing and drying 


diameter ram 

7-8 

machine .... 

7 

Pump (3-plunger), in. 


Waste cleaner .... 


diameter ram 

7-8 

Twisting machine, 200 spindles 

6 

Power-driven baling press 

7 

Soaping machine . 

1 

48-in. -wide self-acting teaser . 

15 

Scouring machine (rope) - 

6 

48-in.-wide Fearnought or 


Scouring machine, open width 

4 

tender hook willow 

12 

Milling and scouring machine 

6 

Carding machine — complete 


Milling machine (ordinary) 

6-7 

large set comprising: hopper, 


Milling machine (improved) 
with wide rollers 10 to 14 ins. 


scribbler scotch feed, con- 
denser, etc 

8 

wide, 18 ins. diameter. 

10-15 

60-in. -wide botany worsted 


Milling machine for felts, with 


carder 

6 

rollers 24 ins. wide x 33 ins. 


Dobcross fast loom, 85 to 100 


diameter .... 

20 

picks 

1-1 

Scouring machine (felts) * 

9 

Hattersley’s standard loom, 105 

Sq_uee 2 iing machine . 

Hot air tentering machine, 12 

3 

picks 

Petries’ chamber drying 

1 

layers, 3 bays 

15 

machine, no. 1 size, 6 bays . 

12 

Improved tentering machine. 


Petries’ chamber drying 


12 layers, 3 bays (Cochran’s) 

7 

machine, no. 2 size, 5 bays . 

8 

Dew-ing machine 

2 

Petries’ chamber drying 


Damping machine (for shrink- 


machine, no. 3 size, 4 bjiys . 

7 

ing) 

2 

Broadbent’s 72-m. electric 


Rag-cropping machine . 


hydro extractor . 

8 

Oloth-ciitting machine (single, 

Broadhent’s 36-in. electric 

3 

double, triple and quadruple) 

1-4 

hydro extractor . 
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Huddersfield, show the actual H.P. required to drive woollen and 
worsted machinery. To obtain the H.P. required for individual 
driving add 25 7o frictional losses and 50 7o for starting torque ; 
see example on Table 154?. 

Jute Mills, — The figures in Table 158, published by coiirtesy 
of Mr. G. Laird {supra), are average values for the power required 
to drive jute mill machinery, including fractional losses in shafts 
and belting. A safe average figure for the total power to be gener- 
ated for a jute mill is 3 kW per loom. Generally, motors of 100 
H.P. and over are of the slip-ring type ; smaller machines may be 
of the squirrel-cage type. 

Table 158. — Power Required to Drive Jute Mill Machinery, 

H.P. H.P. 

Softeners . . 16 Onttexs . 2 

Dust shakers . 1 Dampexs 1 

Waste breakers . 2| Twist frames 8 

Spools (double machine) 4 36 drawings H.P. each 

Looms ... f Bovings . 1C spindles per H.P, 

Calenders, 8-10 Spinning frames 15 

Press pumps . 40 ~ _ 20 „ „ 

Laps ... 19 beaming machines 3 H.P., including dressing 

Measurers . . 1 Sewing machines . 6 to 8 per H.P. 

One method of driving is to couple a motor directly into each 
lineshaft at the centre of its length, solid couplings being provided 
at each end of the motor. The motors are mounted on an iron 
framework fixed to the mill columns ; and, as they are high up, 
a clear passage is provided beneath them, and they interfere in no 
way with the mill passes. Power being applied at the centre of 
the shafts, torsion of the latter is reduced to a minimum, and the 
shafts may be made lighter ; also, there are no main ropes or pulleys, 
and the expense of a motor alleyway is saved. Though the above 
arrangement is considered best for a mill with more than 400 looms, 
it is found preferable in smaller mills to place the motors in a special 
aheyway. 

777. Paper-Making and Printing Machinery. — The scale 
on which paper mills are operated, the nature of the raw materials 
and of the final product vary over so wide a range that the data in 
Table 159 may be taken only as indicating the general nature of 
the loads to be supplied in a large miU. 
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Power requirements are heavj^ where a large tonnage of m 
is made from wood-pulp. The principl loads in a newsprint^! 
are for handling, barking and grinding logs, pumping water and 
pulp, and driving the paper-making machines themselves. m\ 
advantage should be taken of combined ‘power and process’ worb 
ing (§ 176, Vol. 1) in every paper miU. In many machine-tool 
drives a small departure from the ideal speed is preferable to com 
plication in control, but in the driving of paper machines absolutelv 
continuous speed control is essential. Also, it is necessary to main- 
tain an exact relation between the speeds of the various rolls (couch 
roll, press rolls, dryers, calender and reeler) in order that the paper 

Table 159.— Power Required to Drive Pafer-Mill Machinery. 


Guillotines (2 to 4 ft.). 

1-4 

Paper glazers 

3-5 

Eulers . 

5 

Elevators 

5-10 

Cutters . 

5-10 

Pans 

5-15 

Dampers 

10 

Saws and barkers 

10-20 

Coating machines 

20 

Dusters and fans 

25 


Wet pulpers 25 

Press plates 3 q 

Breakers 20.fi0 

Beaters . 20-100 

Cjalenders , 60-100 

Paper-making machines 25-50 

■D , ^ 100-200 

Pulp crushers and reiinors . 100-300 

5-200 


may be neither torn nor varied in thickness. On entering the wire 
the ‘stuff’ may be nearly 99 % water; after couching it still con- 
tains 75 or more water; and even between the third press and 
the smoothing rolls the paper contains about 65 % moisture. 
Formerly, purely mechanical drives were used for paper machines, 
but various systems of sectional electric driving have been devised 
in which a separate motor is used for each section of the machine, 
an exact relation between the various speeds being maintained elec- 
trically without impeding the freedom and flexibility of speed con- 
trol.* According to R. N. Norris (loc. cit), the average of some 
hundreds of readings on various paper machines are as in Table 160. 

From Table 160, a 2S4:-m.*maohLine'. operating at 1 000 ft. per min. would require 
472 E.H.P. A mecbanically operated machine at the same speed would need about 


* Por details of the mechanical and electrical requirements of paper-mill plant, 
‘ Modern Development of Paper-Mill Plant,’ by W*. Worby Beaumont and L. N. 
Burt, Proc. Inst Mech» Eng.^ 1926 ; and three papers by H. W. Eogers, E. K. Norris 
and S. A. Staege, Troc. Amer. 1926. 
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gig ^ 2.P. If th-e machine output is 125 tons of paper per 24 hrs., and the drying 
of the* paper requires 3*75 lb. steam per lb. of paper, the drying cylinders consume 
38 900 lb. of steam per hr. A back -pressure turbine would generate about 1 000 E.H.P. 
from this quantity of steam, and the excess over the requirements of the sectional 
electric drive, 1 OOO - 472 = 528 E.H.P., would generally be sufdcient to drive 
the constant speed end of the paper machine, thus rendering the whole a self- 
contained unit. 

The advantages of electric driving by individual motors are 
particularly great in printing works. The absence of lineshafts, 
belts, etc., facilitates good bgbting, cleanliness, and unobstructed 
access to the machines ; also, each of the latter can be driven at 
the best speed for the work in hand. The fact that most of the 
machines run independently of each other is a further argument in 

Table 16Q . — Power Required by Paper Machines. 


Width and 
Type of 
Machine. 

Average 
Speed, 
Ft. per 
min. 

Electric H.P. Input to Motor per inch width of Machine per 

100 Ft. per Min. Paper Speed. 

Couch. 

1st 

Press. 

2nd 

Press. 

3rd 

Press. 

Dryers. 

1st 

Cal- 

ender. 

2nd 

Cal- 

ender. 

Exciter. 

Total. 

234-m. News 

875 

0-039 

0-016 

0-023 

0-022 

0-060 

0-036 

_ 

0-0057 

0-2017 

166-irL. News 

750 

0-054 

0-029 

0-027 

0-0 

0-674 

0-650 

— 

0*009 

0-243 

168-irL. Kraft 

675 

0-039 

0-027 

0-020 

0-017 

0-041 

0-036 

; 

0-008 

0-188 

148-in. Book 

530 

0-046 

0-041 

0-026 

0*014 

0-035 

0-031 

0-068 

0-008 

0-300 

148-in. Tissue 

230 

0-017 

0-041 

0-017 

1 

0-047 

0-013 


0-006 

0-171 


favour of individual driving. Group driving by a constant-speed 
motor and lineshaft is sometimes used, to reduce the first costs of 
the installation, but individual driving will improve the output and 
reduce the electricity bill in even the smallest jobbing printing 
works. Considerable speed reduction is generally required between 
the motor and press shafts ; this may be obtained by spur-gearing 
or, usually at lower cost, by toothed chain or Lenix belt drive- 

in the case of the press itself provision has to he made for 
a steady ' creeping ’ speed (for use when making ready), and for 
a variation of the running speed (over a range of from 2-^ to 5 : 1) 
to suit the work in hand. Either shunt or compound- wound D.C. 
motors, or A. C. commutator motors with shunt characteristics, may 
be used ; slip-ring induction motors may also be employed, but speed- 
regulation of these machines by rotor resistance is neither economi- 
cal nor stable. 
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High-speed rotary presses, for newspaper and similar work, are 
generally fitted with two motors. The main driving motor is either 
a D.C. compound- wound motor or a 3-phase A.C. commutator 
motor with a speed range of 3 or 4 : L A ‘barring' motor for 
"inching' the press, consists of a D.C. compound or A.C. slip-rin^ 
induction motor driving the main motor shaft through a worm gear 
and " freewheel ’ ratchet coupling. As soon as the main motor takes 
up the load, to accelerate the press to its normal running speed 
the ratchet coupling puts the barring motor and worm gear out of 


Table 161 . — Power Required to Drive Printing Machines. 



H.P. 

R.P.M;. 

Type of Motor. 

Two-colour Miehle Perfector press 

10 

705 

Slip-ring induction 

Miehle press .... 

6/2^ 

1200/500 

3-pb. variable commutator 

Voirin offset .... 

6 

700 

Slip-ring induction 

2 

600/1800 

D.O. compound 

Offset litho 

OrsLbtree Botary Printing press 

2i 

480/600 

j> »» 

3-pb. variable-speed com* 

(newspaper) .... 

70/17J 

760/188 

mutator 

Barring motor 

3-deck 12-page Hoe rotary print- 

*74 

— 

3-pb. variable -speed com- 

ing press .... 

70/23 

750/250 

mutator 

Barring motor 


— 

Hoe press (weekly periodicals) 

30/6 

1100/220 

3-pb. variable-speed com- 
mutator 

Barring motor 

4:-deok Poster rotary press (news- 

3 

— 

slip-ring induction 

paper) 

55/184 

870/290 

A.O. commutator 

Barring motor 

5 

— 

— 

Crabtree rotary press (newspaper) 

60 

550/1100 

D.O. compound 

Barring motor 

74 

lOOO 

n 


action, and the barring motor is automatically disconnected from 
the supply. 

Squirrel- cage induction motors are suitable for driving platens, 
guillotines, and other small machines running at constant speed and 
requiring only a moderate starting torque. 

Automatic control gear, actuated by push-buttons duplicated at 
as many " stations ’ as desired, is advisable on practically all printing 
presses. Its cost may appear to be prohibitively high where small 
presses are concerned, but even in such cases it safeguards the 
motor and press and increases the output to such an extent that it 
is a good investment. On high-speed presses, and presses engaged 
in special work demanding continual attention, automatic control 
gear is almost essential for best results. If there are long runs of 
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printing at constant speed, the speed may be adjusted manually, 
automatic press-button control being then restricted to starting, 
‘inching,’ and stopping. 

The figures in Table 161 are from various installations by the 
Biitish Thomson-Houston Co., Ltd. 

In connection with the data given in Table 162 concerning 
letterpress printing, it may be noted that a speed reduction of about 
6 to 1 is usual with motor drive. There are about S-J- revolutions 
of the shaft and flywheel to each printed sheet. A. duplex ' offset * 
machine printing 10 000 sixteen-page papers per hr. in two or four 
colours requires two 20 H.P. motors. 


Table 162. — Power Required to Drive Printing Machines, 



Maxi- 
mum im- 
pressions 
per hour. 

H.P. 


Copies 
per fiour. 

H.P. 

Thetterpress. 

Demy (22^^ x 17^") . 

2 000 

H 

Newspaper Printing, 

4 pg. Hoe machine . 

24 OOO 

20 

Double crown (20^ x 30"') . 

1 800 

2-8 

8 5, M M 

24 OOO 

35 

Double demy (22^^ x 36") 

1 700 

3-4 

16 „ „ .. 

24 000 

60 

Double royal (26" x 40") . 

1 700 

4-5 

32 

10 „ Webb perfecting 

24 OOO 

120 

Quad crown (30" x 40") 

1 600 

5-6 

12/21 000 

15/30 

Quad demy (35" x 45") 

1 600 

: 5-8 

12 „ „ 

12/24 000 

20/30 

Quad royal (40" x 50") 

1 400 

6-9 

32 ,, „ ,, 

12 000 

30 

Lithograph, 

Demy (22^" x 17^") . 
Double demy (22^" x 35") 

900 

2 OOO 

2 

2^ 

Calico Printing, 
Printing macbines — 

1 colour . 

1 

10 

Double royal (25" x 40") . 

1 600 

3 

4-12 colours . . 1 



26-60 

Quad crown (SO" x 40") 

1 800 


Calenders, mercerisers 

— 

10-40 

Quad royal (40" x 50") 

1 800 

6 

Starobers . , . i 

— 

6-15 



Driers 

— 

8-12 


Table 163 includes useful data concerning miscellaneous 
machinery used in connection with printing work. 


Table 163. — Power Required to Drive Miscellaneous Machines 
in Printing Works. 


H.P. 


H.P, 


Trimmers 

Folders 

Round cornering . 

PuncMng, eyeletting 
Bronzing, dusting 
Envelope a.nd laLel punclimg 
Cropper platen 


Platen raachines . . . . 

Wire stitchers and binders 
Wharfedale cutters . . . . 

Baling machines .... 

Conveyors ...... 

Linotype machines . . . . 

Ink mills (12 x 8 ins. to 24 x 12 ins.) 


1-7 

i-6 


3 

2 

5 


3 - 
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778 . Iron and Steel Works.— The iron and steel industry 
is the most important single consumer of electricity ; e.g it jg 
estimated that it consumes about 20 7o of the total kWh used b 

all the industries of the U.S.A. Electric driving is standard in 

modern iron and steel works, and where blast furnace gas is 
available it is applied to the generation of electrical energy, either 
being burnt below boilers serving steam turbines or used in gas 
engines driving flywheel -type alternators^ (§§ 16T, 181, Vol. 1) 
Even where full use is made of waste heat and fuel gas from 
blast furnaces and other furnaces, however, steel works purchase 
much energy from supply stations or, alternatively, maintain 
a large fuel -burning power plant. According to an estimate by 
G. Fox,f typical values for the energy consumption in iron and 
steel manufacture are : — 

Coke ovens . 

Blast furnaces 
Steel works 
Rolling 
Auxiliaries . 

On the avei'age, about 140 000 cu. ft. of blast furnace gas is 
produced per ton of pig iron made, and if one-third of this gas be 
used in gas engines requiring, say, 120 cu. ft. per B.H.P.-hr. {see 
Table 15, § 167, Yol. 1), or 170 cu. ft. per kWh, the electrical 
output available is about 275 kWh per ton of pig iron manu- 
factured. 

Electric driving is applied throughout iron and steel works 
from the blowers and skip hoists of the blast furnaces to the 
cranes and rolling mills, and their auxiliaries. The equipment 
includes main drives for the roughing, intermediate and finishing 
mills ; auxiliary drives for the live rolls, lifting gear for the roll 
tables in 3-bigli mills, roll screws, etc. ; cranes and hoists to lift 
and carry the steel at various stages in the sequence of heating, 
rolling and trimming operations; and other auxiliaries such as 
saws, shears, air compressors, and so on. The driving of roUing 


W T f U UV/J-L V^jL JLJJLg^./UO 

S2 „ 

200 „ 

40 .. 


300 


* Por particulars of a modem iron, and steel works, including blast furnaces, 
power plant, sfceel-maldng equipment and rolling mills, see ‘ New Plant of the 
Appleby Iron Co., Ltd.,’ by A. Orocke and T. Thomson, Iron and Steel Inst., 
May 3, 1928, and Engineering, May 3 and 11, 1928. 
t JPower, Nov. 29, 1927. 
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mills is probably the most severe service to which electric motors 
are applied, but the motors and control gear now built for the 
purpose have proved extraordinarily reliable in operation, and 
have increased the tonnage output whilst reducing the cost of 
finished steel and other roiled fnetals. At the same time, the 
working conditions in rolling mills have been greatly improved. 
There is a great saving of both skilled and unskilled labour, and 
the automatic control gear of an electrically driven mill attains an 
accuracy and speed which could not be approached by manual 
control. The 'radiation losses from steam boilers, pipes and 
engines are eliminated, and the consumption of an electric motor 
when running light is only 3 to 5 °/^ of the full-load power, com- 
pared with 15 to 20 7o ^ steam engine. 

Owing to the serious consequences of even a temporary inter- 
ruption in electricity supply, the main circuits of the steel works 
should be arranged on the ring principle with supply available at 
ah vital points from two directions, preferably from substations fed 
through independent feeders. Where private power plant operates 
in parallel with public supply, the latter normally taking the base 
load and the private plant dealing with the peaks, a greater measure 
of security is obtained for operation, and reduced power can be con- 
tinued with either of these . independent sources of supply should 
the other fail. 

Control gear for the mill motors, live roller motors (ingoing and 
outgoing), skids and screw-down gear, together with the requisite 
electrical instruments, are generally arranged on a platform or 
bridge spanning the mill approach side. 

The power required to roll metals depends on the physical 
properties of the latter at the temperature of rolling, and on the 
extent to which the cross-sectional area is reduced, or, alternatively, 
the ratio in which the metal is elongated.^ As the metal cools, 
the power absorbed for a given displacement of material increases 
rapidly; and tough materials such as manganese steel naturally 
absorb much higher power than mild steel or brass. Power- 
requirement data relating to particular miUs will be found in 
descriptions of the latter in technical journals, proceedings of 
societies, and similar publications; and various authorities have 


* For example, the power absorbed for a given reduction in area is approxi- 
mately doubled if the steel cools from 2 200° F. to 1 900° F. 
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arrived at empirical rules enabling the power and energy consump- 
tion of rolling mills to be predicted with considerable accuracy ^ ^ 

The output of a blooming mill depends upon the ‘time of pass’ 
which varies inversely with the mean speed. The steel has to be 
gripped and discharged at low speed, hence, for maximum output 
quick acceleration and quick retardation are required ; both are 
obtainable with electric driving, which permits enormous peak-H.P ' 
to be developed during acceleration by means of flywheel-storage 
sets. High torque is required, at the rolls, say 2 500 000 lb. -ft 
when rolling heavy ingots to blanks for roughing, and 500 000- 
750 000 lb. -ft. for roughing slabs or reducing billets to squares. 
Rapid reversal is important in reversing mills, and up to 2 000 
switching operations per hr. may he required, involving automatic 
acceleration for best results. 

Wide speed control is generally necessary to cover the different 
requirements of various products in finishing trains. A separate 
motor for each housing gives full control of the rolling speed in the 
successive stages. Compound D.C. motors are generally employed, 
but induction motors with slip-regulating auxiliaries are also used. 

In merchant mills, which are called upon to produce sections of 
widely varying section, the motor speed must be capable of regula- 
tion to suit different requirements, and the speed set for a particular 
run must be closely maintained notwithstanding variations in load 
due to cooling of the metal. A certain 12-in. mill of this type is 
driven by a 3 000 H.P. induction motor with a modification of 
Scherhius’ speed control. 

In continuous or tandem mills, steel passes through a number 
of ‘ stands ’ of rolls, one after the other, being converted from bloom 
to finished product by from 6 to 12 successive reductions without 
intermediate reheating. This method is obviously advantageous 
in the mass production of standard sections. The product of the 
emerging area of steel by the speed of delivery must be the same 
for all stands, otherwise the metal will be stretched or looped 
between stands. The motor speeds must be closely regulable and 
nearly independent of variations in load as caused, for example, by 
changes in tempera ture of the steel. The roughing and intermediate 
rolls may be belt and gear driven from an induction motor: in- 
dividual driving by D.C. motors is generally preferred for- the 


See, for instance, W. Sykes, Amer. I.JE.E. Tracis., Vol. 31, II., p. 2051. 
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finishing stands, but induction motors with auxiliaiy commutator 
motors for spood control can he used. 

A number of different solutions are possitAe when choosing the 
type and arrangement of equipment for the electric driving of rolling 
mills and their auxiliaries. The following notes ^ are instructive : — 

The hand-to-mouth practice of buying steel requires that the mills be equipped 
to deliver a wide range of products within a single day, or sometimes within an hour ; 
and to secure this necessary flexibility, they must be capable of operating over a con- 
siderable range in speed. Eor such drives, D.C. motors are available and also induc- 
tion motors with speed-regulating equipment such as the Kraemer or Scherbius type. 
As a rule, where only one drive is involved the adjustable-speed induction motor 
should be given favourable consideration. On the other hand, if a single mill requires 
several drives, as is the case with the modem continuous-strip mill, D.O. motors will 
usually be found preferable with respect both to first cost and to flexibility of 
operation. 

The trend in D.O, drive of continuous mills has been toward the provision of one 
or more motor-generator sets to supply power to each individual mill, thus making 
available the advantage of the generator-voltage-control system of starting the mill 
motors. In an installation of this character, the motor and generator fields should 
each be separately excited and a reversing potentiometer type of generator-field rheo- 
stat may be employed, permitting the excitation to be decreased to zero and built up 
in either direction all without opening the field circuit or operating a reversing switch. 
Thus the mill operator, by controlling this one rheostat, can start the mill forward 
or backward, adjust its speed to the needs of the moment, or stop it. 

Synchronous motors are now applied to main-roU drives with unqualified success. 
The starting characteristics of this type of motor have been so improved that they 
are satisfactory for most types of mills. The primary reason for this application 
lies in the ability of the synchronous motor to improve the P.F. of the supply system. 
Compared with the induction motor, its efficieiicy is usually higher and its first cost 
is lower, particularly in large low-speed units. Thus for any constant-speed mill 
drive, the possibility of using a synchronous motor should not be overlooked. 

The ventilation of main-drive motors and motor rooms has not been given suffi- 
cient attention. All the losses that occur in the motors and other apparatus are 
converted into heat ; and while modem electric apparatus is highly efficient, these 
losses are by no means negligible. For example, the motors and motor-generators 
supplying power to a 48-m. hot-strip mill have full-load losses that generate heat at 
a rate equivalent to that obtained from the perfect combustion of 5 tons of coal per 
24 hrs., and all this heat is liberated in the motor room. The motors are not fully 
loaded all the time hut the losses do not decrease in direct proportion to the decreased 
load. 

For auxiliary drives it has been customary to employ series motors, except where 
there was danger that the motor would reach an excessive speed during the lightly 
loaded portions of its operating cycle. One reason for the preference for the series 
motor is the greater torque it makes available for a given percentage overload in 
armature current. However, the series motor does not possess as great an advantage 
in this respect as is commonly supposed. For example, compare a series motor with 
a compound-wound motor which has sufficient shunt field to limit its no-load speed 


From a survey by H. A. Winne, Gen, EL Bev,, Vol. 31, p. 287. 
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to 150 Of its full-load speed. While both machines exert the same torque 
100 armature current, at 150 current the series motor develops but 10 °lm 
torq[ue than the compound-wound motor, and at 200 °/^ current the torque of the s 
motor exceeds that of the compound motor hy only 20 

The compound motor has several advantages which are now bringina- it i 
increasing use for almost all kinds of auxiliary drives. The most important advan 
tage is that this type of motor, unlike the series motor, will not run away at ligtt 
loads, straining both itself and the mechanism to which it is conneoted. “ 

Another tendency of to-day is to make the operation of auxiliaries as nearl 
automatic as possible. In those cases where a drive must be accurately stopped at 
a predetermined point in its cycle, it is advantageous to employ dynamic braking and 
the compound motor can be dynamically braked mnch more easily than can the 
series motor. The shunt field of the compound machine is always excited, whereas 
the series field of a series motor must be separately excited during the braking opera- 
tion, and this requirement complicates the control and delays the action. 

The benefits of automatic control are not confined to auxiliary drives. A great 
many motor-generator sets are being installed with pull-button automatic switching 
equipment. The starting of even a large synchronous motor-generator set is now 
accomplished by the operator’s merely pulling a single control switch, after which 
the various devices function entirely automatically under the control of suitable 
relays until the set is on the line. 

Extensive applications are also being made of automatic equipments on the 
250-V D.O. circuits that supply steel-mill auxiliaries, to restore service as soon as the 
cause of the interruption has been removed. 

Power Requirements. — The following data relate to a 28-in. 
reversing rolling mill at the East Hecla Works (Sheffield) of 
Hadiields Ltd. 

Duty. — Rolling manganese steel rails, high carbon-steels, or 15-in. square 
ingots of ordinary steel to 2^-in. square billets in one heat. Average output, 
15 tons per hr. (20 tons maximum). Cogging rolls, 28 ins. x 7 ft. ; finishing rolls, 
28 ins. X 6 ft. 6 ins. 

Drive. — By double-armature D.O. shunt-wound motor supplied through an 
Ilgner flywheel motor-generator set built by the B.T.H. Co. The mill motor is 
capable of developing a constant torque of 125 ton-ft. at all speeds from 0 to 
60 r.p.m. in either direction ; and of developing a constant output of 3 200 H.P. at 
any speed from 60 to 120 r.p.m. in either direction. Overload capacity : 453 ton-ft. 
torque from 0 to 60 r.p.m. and 11 600 H.P. from 60 to 120 r.p.m- Maximum 
voltage 1 300 V applied to the two armatures in series. Commutating poles are 
provided and there are compensating windings in the main pole faces to neutralise 
the armature reaction. 

Fkjwheel Motor -Oemrator. — A 1 800 H.P., S 300 V, 50-cycle induction motor 
of 600 r.p.m. synchronous speed drives two 650- V D.O. shunt-wound generators 
rated at 1 800 / 4 750 kW at 500 / 600 r.p.m. and a cast-steel flywheel 11 ft. 6 ins. 
diameter, weighing 30 tons- Ward-Leonard control is used, a D.O. motor driving 
a mi 11 -motor exciter and a generator exciter, and the field currents of the exciters 
being varied to alter the excitation of the mill-motor field and the voltage applied to 
its armature. 

Control Gear. — Contactor- type starting and slip-regulating gear, actuated from 
the control platform on the mill. The principal instruments on the control platform 
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are an ammeter showing the input to the mill motor, and speed indicators for 
the mill motor and flywheel set. Beversal from full speed in one direction to full 
speed in the other is effected in 3 to 4 secs. 

Auxiliam Jkfo^rs.— Eleven 40 H.P., 500 r.p.m. (1-hr. rating, with 100 % over- 
load capacity), D.O. series-wound motors with commutating poles are used to drive 
live rollers, skids, and screw-down gear. The SO-in, hot saw is driven by a 75 H.P. 
motor. 

The following data, from various sources, indicates the general 
power requirements and equipment of typical modern mills : — 

A 54-in. reversing Uooming mill of the Bethlehem Steel Co., rolling ingots up to 
18 tons or more is driven by a 760-V D.O. motor developing 7 000 H.P. continuously 
at 40 / 80 r.p.m., and up to 17 150 H.P. at 37^ r,p.m. Speed control is by generator 
voltage from 0 to 40 r.p.m. and by motor field from 40 to 80 r.p.m. A 5 000 H.P., 

6 600 V, 875 r.p.m., wound-rotor induction motor with slip-regulation drives two 
3 000 kW, 750-V D.O. generators in parallel. The motor-generator set has a 50-ton 
flywheel 15J ft. in diameter, and gives up 35 000 H.P.-seos. of stored energy when 
the speed drops 10 %. A roughing mill, for rough-rolling wide flange girders from 
blanks produced by the above mill, is driven by a 750-V D.O. motor developing 

7 000 H.P. continuously at 65 / 100 r.p.m., and 14 900 H.P. max. at 62| r.p.m. 
The finishing mill has similar equipment. 

A certain slabbing mill^ 42-in. rolling 7^-ton, 47-m. x 20-in. x 72-in. ingots to 
slabs of from 4 to 6 in. x 36 to 42 in. section at the rate of 120 to 170 tons per hr. 
is driven by a 1 S50-V shunt-wound, double-armature D.O. motor developing 6 000 
H.P. at 48 r.p.m., and a peak output of 15 300 H,P. at 48 / 100 r.p.m. in either 
direction. A similar motor equipment also drives a 40-iD. ;glaU mill rolling 50 tons 
per hr. of ^-in. plates from 8-in. slabs. A tandem plate mill of the Lukens Steel Co., 
rolling plates from 0*1 to ^-in. thick in widths up to 72 in. and length up to 35 ft., 
has a 2-high 34-in. reversing roughing stand driven by a 1 200 H.P., 330 V, 25 / 50 
r.p.m. D.O. motor, and a 4-high reversing finishing stand with 23-m. working rolls 
driven, by a 2 500 H.P., 660 V, 53 / 80 r.p.m. D.O. motor. A 3 000 H.P., 2 200 V, 
3-ph., 60-cycle induction motor with slip regulator drives three 1 050 kW, 330-V 
D.O. generators, one for the roughing mill and two (with armatures in series and 
fields in parallel) for the finishing mill. The set includes a 49 000 lb. flywheel. 

A reversing 32-ia. bar mill of the Standard Seamless Tube Oo., reducing 13^-in. 
square billets to square blanks for seamless tubes, is driven by a SdO-V D.C. motor 
developing 2 150 H.P. at 43 / 86 r.p.m., supplied by two 1 OOO kW, 720 r.p.m., 
275-y D-C. generators in series, the latter being driven by a 3 000 H.P., 2 2O0-y 
synchronous motor ; naturally, no flywheel is used in this set. 

An ll-in. cordinuous -running bar mill of Hadfields Ltd., comprising one 3-high 
and four 2-high housings rolling 2^-in. billets to |-in. to l|-in. rounds or equivalent 
sections is geared to a D.C. compound motor developing 400 / 800 H.P. at 150 / 250 
r.p.m. ; a 10-ft., 17-ton flywheel is placed between the motor and reduction gear. 

A 14-in. mill of the same type, with six 2-high housings, rolling 5-m. billets to 
1 in. to 3-iu. rounds or equivalent sections, is direct coupled to a 500 / 1 000 H.P., 
75 / 150 r.p.m., D.O. compound motor, with a 12-ft., 40-ton flywheel. 

In certain 10-in. strip mills of the United Strip and Bar Mills Ltd., the 
roughing rolls are driven by an induction motor developing 1 500 / 1 150 / 805 H.P. 
at 325 / 250 / 175 r.p.m., with a flywheel storage set comprising a 310 kW, A.O. 
commutating machine and a 420 H.P., 750r.p.m. induction motor. Speeds above 
ox below synchronism are obtainable ; also, P.P. correction, the control being 
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a modification of the Scherbius system. The finishing rolls are driver, 

2 5CX) / 2 030 / 1670 H.P , 224 / 200 / 260 r.p.m. induction motor with a storage- 
consisting of a 375 kW A.G. commutating machine and a 510 H.P 7 sn 5^ 
induction naotor. 

The roughing and intermediate stands of a 14-in. tandem strip mill are belt 
gear driven from a 1 800 H.P., 214 r.p.m. induction motor, the finishing rolls be* 
driven by D.O. adjustable-speed motors rated at 600 H.P., 160 / 250 r.p.m. • 800 HP^ 
210 / 315 r.p.m. ; and 800 H.P., 260/ 390 r.p.m. ; total 4 000 H.P. The maximii ’ 
speed of delivery from the final stand is 1 325 ft. /min., and the products range fro^ 
13 (American) gauge strip, 4-in. wide to 14 gauge, 10-in. wide. A larger mill, 
ducing strip up to 50-iu. wide, is driven by wound-rotor induction motors on the^ ' 
four stands and D.O. motors on the last seven stands ; total 21 800 H.P. 

In a certain case, reversing mill tables are driven by two 100 H.P., 480 r pm 

230-V D.O. series motors. Screw-down motors for adjusting the spaciu<y of rolh 
may be D.O. compound-wound motors of 40 to 100 H.P. Live rollers in a certain ca^ 
are driven by a 40 H.P. motor. A 60-in. liot saw requires a 75 H.P. motor. 

779. Cement Mills ; Paint Works ; Collieries ; Dockyards- 
Ship Auxiliaries ; Miscellaneous. — Table 164 shows typical data 
for machinery in cement works and paint works ; also, ranges of 
power requirements in colliery equipment. (^See also Chap. 32.) 

Table 164. — Power Required in Cement Mills, Paint-maUng 

and Collieries, 



H.P. 


H.P. 

Cement Works. 



Collieries {see also Ohap. 32). 


Breaker mills — 



Winders .... 

50-2 000 

5-6 tons per hour 


12-15 

Haulages .... 

15-200 

9-10 „ „ „ 


20-25 

Locomotives 

25-100 

Tube mills — 



Pumps .... 

5-500 

2 tons per hour 


40-60 

Air compressors . 

20-100 



120-130 

Pans 

20-500 

Wash mills * 


76 

Coal cutters .... 

15 30 

Slurry tube mills * 


250 

Percussion drills — 


Slurry paddles * . 


20 

Light .... 

1-3 

Ball tube mills * . 


260 

Heavy .... 

5-10 

Grinders * . 


300 

Creepers .... 

10-30 




Screens .... 

20-200 

Paint Works. 



Washers .... 

20-100 

Edge-runner mills, 5-7 ft. 


5-10 

Coke breaker, 30 tons/hr. . 

4-5 

Roller mills . 


2-6 



Cone mills . 


2-4 



Mixers .... 


1-2 



Putty crushers 


5-8 



Centrifugal disintegrators 


10-20 




* These figures relate to the maohines in a particular cement works. 
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Though necessarily far from complete, the data in Table 165 
g-ive a good idea of electric power applications in dockyards and on 
ships. "^{See also TaMe 161 and Chap. 37.) 

Table 165 . — Foioer Bequirements in Dockyards and Ships, 


Graving-dock pumps 
Draining pumps . 

Dock-gate capstans 
Air compressors 
Cranes 
Punches 

Power hammer (5 cwt.) 

Plate rolls 
Pitters’ shop 

Dockyard motor-generators 

Porced draught blowers 
Steering*gear 
Wireless set . 

X-ray set . 

Searchlight motor-generators 


H.P. 


H.P. 

100-400 

Capstans, windlasses . 

20-150 

15-25 

Hoists, boat 

20-50 

25 

,, ammunition and tur 


60-120 

ret 

3-16 

20-100 

Winches, deck 

lO-dO 

15-20 

„ coal 

60-150 

20 

Pumps, fresh-water 

5-10 

20-80 

„ sanitary, bilge, and 


30-50 

fire 

30-70 

100 

Turret turning 

25 

upwards 

Gun elevating 

15 

35 

Torpedo air compressor 

90 

50-150 

Lifts .... 

5-15 

20 

Ventilation fans . 

1-10 

5 

Machine tools 

1-5 

10 

upwards 

Galley machines . 

1-5 


The following miscellaneous data, taken from actual examples, 
may be useful as a general guide, though the requirements in 
particular cases vary considerably : — ^ ^ 

Concrete mixer, 10-20 yds. /hr. . 5-10 

„ „ 50-100 „ . 30-50 

Carpet beaters .... 5-10 

Organ blower, per 10 stops . . f-lj 

Dental en^es .... 

Botary hair-brush . . . . 

780. Characteristics of Industrial Loads. — Information con- 
cerning the number of operatives employed and the types of engines 
and aggregate horse-power used in factories in the United Kingdom 
is to be found in the Census of Production,^ which deserves to be 
studied carefully. The Census of Manufacturers prepared by the 
U.S.A. is, in some ways, more useful to the power engineer partly 
because it includes a more extensive analysis of data and partly 
because it relates to a country in which the industrial application of 

* Taken periodically by the Census Office of the Board of Trade and published 
by H.M. Stationery Office. The Preliminary Reports of the Pourtb Census of 
Production (1931) are now (1932) appearing -fortnightly in the Boa/rd, of Trade 
Journal. 
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power has been developed to a remarkable extent. The volume of 
American manxifactnred goods in 1925 was 2| times that of 1899 
but the number of employed was only 1*8 times as great; the 
output per worker thus increased 50 a development which is 
directly associated w'ith the fact that the power used increased 
from 2T installed H.P. per wage earner in 1899 to 4‘S H.P. in 1925. 

An interesting fact emerging from the American statistics is 
that four industries — iron and steel (21 7o)» textiles (111 
food (10*8 7J, and lumber (9*7 7J— account for 52-6 of the 
total installed primary power of the nation. Paper (8 *6 7J, 
chemicals (8*3 yj, and machinery (7*6 7o) account for another 
24*5 7o of the total; leaving only 22*9 % to be shared by all other 
industries. Table 166 shows the installed primary power per wage 
earner in 50 leading industries in the TJ.S.A. in 1925. 

TA.BLE lQ6.~-^In8talled Primary Power per Wage Earner in 
the United States of America. 


iDdustries, 

Installed 
H.P. per 
wage 
earner 
in 1925. 

Industries, 

Installed 
H.P. per 
wage 
earner in 
1925. 

Agriculfeural implements 

4-0 

Foundries and machine shops 

3-6 

Automobile, bodies, etc. 

2-8 

Furniture .... 

2'2 

Bakeiy products 

1-4 

Gas, illuminating . 

9*1 

Blast furnaces .... 

47*3 

Glass ..... 

3*9 

Boots and shoes 

0*7 

Hardware .... 

1*9 

Boxes, paper .... 

1*3 

Knit goods .... 

1-0 

Boxes, wooden 

3*7 

Leather, tanning, etc. . 

42 

Brass and copper products 

5-8 

Lumber and timber products 

43 

Brick and clay pr(^iicts 

5-0 

Malt lic[uors .... 

26-8 

Butter jCheese and condensed milk 

7*1 

Millinery and lace goods 

0*2 

Canning, fruit and vegetables 

2*2 

Paper and wood-pulp 

19*7 

Cars, steam railroad . 

2-0 

Petroleum refining . 

6*0 

Chemicals 

11*8 

Planing mill products 

54 

Cigars and cigarettes . 

0-3 

Printing, book and job . 

1*3 

Clothing, men’s .... 

0-3 

Printing, newspapers, etc. 

2-0 

Clothing, women’s 

0*2 

Kubber manufactures 

6*1 

Coffee, spices, etc. 

3-9 

Shipbuilding, steel . 

6*0 

Confectionery .... 

1*6 

Shipbuilding, wooden 

2*3 

Copper smelting and refining 

21-0 

Silk goods . . . ‘ . 

1*6 

Cotton manufacturers 

6-0 

Slaughtering and meat packing 

3*7 

Cotton-seed oil and cake 

14-8 

Steam-railroad shops 

2*1 

Dyeing and finishing textiles 

3-6 

Steel works and rolling mills . 

12*9 

Electrical machinery, etc. . 

2*5 

Structural iron work 

44 

Flour mills and grist mills 

21*0 

Sugar refining 

6*1 

Food products, miscellaneous 

6*9 

Woollen and worsted goods . 

3*5 



All industries, United States . 

43 
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Table 167, based on data compiled by Euslimore and Lo£,^ 
shows the average load factors of various classes of consumers ; 
see also § 576, Vol. 2. 

Table 167, — Average Load^ Factor of Various Classes of 

Consumers. 


L.F. 7o. 


Small and medium lighting 
cmsumers. 


Public buildings 


. 17*6 

Churches 


12*4 

Clubs . 


9*6 

Plats 


6*9 

Public halls . 


6*9 

Hotels . 


24*4 

Business offices 


9*2 

Professional offices 


6*7 

Residences 


7*8 

Restaurants . 


23-4 

Schools . 


7-2 

B to 19 




Larger' power anA lighting 
consumer's. 


Bakeries 

12 

Breweries 

45 

Department stores 

30 

Pumiture manufacturing 

28 

Poundries 

15 

Ice making . 

30 

Laundries 

20 

Machiue shops 

20 

Newspapers . 

18 

Packing houses 

30 

Railway stations 

50 

Textile mills . 

20 


781, I.E.E. Rules Relating* to Motors and Machine 
Control Gear. — The I.E.E. Regulations for the Electrical Equip- 
ment of Buildings (ninth edition) f contain rules Nos. 117 to 121 
substantially as follows : — 

MOTORS. 

117. Types. — (A) Motors may be of any of the types enumerated in B.S.S. 
l^To. 168, or of the immersible type, and all motors rated at more than 1 B.H.P. 
shall conform in all respects to that Specification. 

(B) The frame of every motor shall be provided with a suitable terminal to 
which the earthing lead may be connected. 

118. Position of Motors. — (A) Motors shall, wherever possible, be placed in well- 
ventilated spaces in which inflammable gases cannot accnmulate. Where these 
conditions cannot be complied with, the motors shall be of the fiame-proof or pipe- 
ventilated type with inlet and outlet connected to the outer air. 

(B) Motors fixed in situations in which the surrounding air exceeds the limit of 
temperature permitted for the cooling air in the appropriate B.S.S. shall be of 
special construction, or alternatively of the pipe-ventilated, forced-draught or 
induced-draught type, connected by ventilating ducts to a source of cool air supply- 

(C) Motors shall, as far as possible, be placed in positions in which they axe not 
exposed to risk of mechanicai inju]^ ox to damage from water, steam or oil. 
Motors necessarily exposed to such conditions shall have suitable types of enclosing 
frames selected from the standard * types of enclosure ’ specified in B.S.S. No. 168. 


* Reprinted by permission from Hydro-Electric Power StationSf byBushmore 
and Liof , published by John Wiley <fe Sons, Inc. 

t According to the date of issue of the tenth edition, alterations in the above 
regulations will be noted in the fifth edition of Vola. 1 or 2. 
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(B) Pipe-ventilated, forced-drauglit and induced-draught motors shall 
supplied with air as cool as possible, and the air intakes shall be guarded aga’ ^ 
the admission of dirt and / or moisture. ^ 

(E) No unprotected woodwork or other inflammable material shall be withi 
a distance of 12 ins. (30 cm.) measured horizontally from, or within 4 ft. (120 c \ 
measured vertically above, any motor, unless such motor be of the totally enclosed 
flame-proof or pipe-ventilated type with inlet and outlet connected to the outer ' ’ 
A metal plate or tray extending 12 ins, (30 cm.) beyond the base of the machine 
shall be placed under every open-type machine which is mounted on a floor consist" 
ing of wood or other inflammable material. 


119. Control of Motors. — (A) Every motor shall he protected by efficient means 
suitably placed and so connected that the motor and all apparatus in connection 
therewith may be isolated from, the supply ; provided, however, that when one point 
of the system of generation or supply is connected to earth, it shall not be necessarv 
to disconnect on that side of the system which is connected to earth. 

(B) Every motor shall be provided with an efficient switch or switches for 
starting and stopping, so placed as to be easily operated by the person controlling 
the motor ; and every motor having a rating exceeding J H.P. shall in addition be 
provided with — 


(a) Means for automatically opening the circuit if the supply pressure falls 
sufficiently to cause the motor to stop ; 

{&) In the case of direct-current motors a starter or switch for limiting the 
current taken when starting and accelerating ; 

(c) In the ease of alternating-current motors, such starter or switch for limiting 
the current taken, when starting and accelerating, to the value (if any) 
required by the supply undertaking. 

(0) In every place in, which a machine is being driven by a motor there shall 
be means at hand for either switching off the motor or stopping the machine if 
necessary to prevent danger. 

Note. — Suitable motor starters are embodied in B.S.S. Nos. 82, 117, 140, 141 
147, 155, and 167. 


EESISTAKCES AND MACHINE CONTROL aSAR. 

Note. — Regulations 120 and 121 do not apply to apparatus having a capacity 
less than 60 W. 

120. General Cojistruction. — (A) The general construction of all resistances 
and machiae control gear shall conform in all respects to the appropriate B.S.S. 

(B) All live parts shall be so guarded as to prevent accidental contact with them. 

(O) The frame of every resistance and control gear shall he provided with 
a suitable terminal to which the earthing lead can be connected. 

(D) Resistances shall he so proportioned and placed that they do not rise to 
such a temperature as to impair their durability, and they shall be so disposed 
vdthin their cases that no accessible part of such cases shall rise to a temperature 
higher than 176° E. (80° C.). 

(E) Internal connections shall not be soldered, and all such connections, unless 
self-supporting or rigidly fixed in position, shall be continuously insulated with non- 
ignitable material or beads. 

(P) Suitable terminals shall be provided for the attachment of external leads, 
and shall he so situated that such leads enter the case below the resistances and are 
not exposed at any point to a high temperature. 
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121 . Positim* — (A) All resistances and control gear shall, as far as possible, be 
placed — 

(a) In positions in which they will not be exposed to risk of mechanical injury 

or to damage from water, steam, or oil; 

(b) In weU-ventilated spaces in which inflamniable or explosive dust or gas 

cannot accumulate under normal conditions. 

Where necessarily exposed to such conditions, control gear shall in the case of 
(a) be completely enclosed, and in the case of (J) be flame-proof ; and resistances 
shall in the case both of (a) and (b) be completely enclosed. 

(B) All woodwork or other inflammable material which is within a distance of 
24: ins. (60 cm.) measured vertically above, or 12 ins. (30 cm.) measured vertically 
below, or 6 ins. (15 cm.) measured in any other direction from, the frames or eases 
containing resistances shall be protected with non-ignitable material. 

782 . Bibliog:raphy. — (See explanatory notes, § 58, Vol. 1.) 

Official Beqxilation-s. 

jS66 Chap. 41 in this volume. 

Stand ABDISA.TI ON Bepoets, etc. 

British Standard Specijicatioi^s, 

No. 46 . — Part 1 : Keys and Key ways and Ooned Shaft Ends. Part 2 : 

Splines and Serrations. Bart 3 : Solid and Split Taper Pins. 
No. 292. — Ball Bearings and Parallel-Eoller Bearings. 

No. 351. — ^Friction Surface Rubber Transmission Belting. 

No. 367. — Performance of Ceiling-Type Electric Pans. 

No. 380. — Performance of Desk-Type Electric Pans. 

No. 411. — Attachment of Circular Saws for Woodworking. 

No. 424. — Vegetable Tanned Leather Belting. 

See also §§ 712, 745. 

Books. 

Electric Drive Practice, G. Pox (McGraw-Hill). 

Electricity in Steelworks, W. McParlane (Pitman). 

Electrical Engineering Economics, D. I. Bolton (Chapman & Hall). 

I.E.E. Papers. 

The Variation of Efficiency with Size, and the Economic Choice of 
Electrical Machinery, D. J. Bolton, V ol. 64, p. 337. 

The Electrical Driving of BoUing Mills, H. S. Carnegie, Vol, 69, p. 1279. 

MrSCBDDANEOUS. 

Articles describing new installations of electric driving in various industrial 
establishments appear continually in the technical periodicals of all 
ooimtries. 

See also §§ 712, 745. 


* See note above, Regulation 120. 
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ELECTRIC HOISTING, CONVEYING, ETC. 

783. Nature of Hoisting* and Allied Services. — The lifting, 
hoisting, or conveying of passengers or materials is simply a 
special case of general traction, but whereas ‘electric traction’ 
is generally understood to cover transportation on rails or road by 
means of locomotives or self-propelled vehicles, the applications 
dealt with in the present chapter generally involve the use of 
some fixed ‘ winding engine ' (other than for mining ; Chap. 32) 
and haulage hy a rope or chain, either with or without the use 
of a track. No definite hne of demarcation can be drawn, how- 
ever. A transporter crane involves both traction and hoisting; 
a ‘funicular’ railway, with haulage rope and counterbalancing, 
might logically be considered in the present chapter, whereas a 
rack railway is a case of ^ traction.’ 

The different varieties of conveying involve more mechanical 
than electrical problems, but the application of electric drive is of 
great importance owing to its convenience, flexibility of control, 
and high efficiency. The haulage of a container of any kind up 
an incline is exactly comparable with the propulsion of a vehicle 
up a hill, the differences in the application of the tractive effort 
being only mechanical. In both cases the work done ~ (Weight, 
in lb. x: Vertical lift, in ft.) £oot-lb., plus the work necessary to 
overcome track friction, windage, internal friction of mechanism, 
and the electrical losses. Where an unguided load is lifted verti- 
cally as by ‘ cranes,’ there is no track friction, and where a load is 
lifted vertically in a defined path, as by ‘lifts,’ the track friction 
is negligible in comparison with that obtaining with rolling stock. 
There are, however, losses of energy in other directions, as, for 
example, in the bending of ropes and in the additional gears which 
are generally required to obtain the lower speeds employed 
Losses in main driving gears, and internal losses in driving motors, 
occur both in traction and in haulage of all kinds. 
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784. Energy Consumption for Hoisting.— As a first basis 
for estimation, the energy required for hoisting is: (Load, in lb. 
X Vertical lift, in ft.) ft.-lb, ; and 2 653 200 ft,-lb. = 1 kWb. 
This is, of course, the theoretical and absolute minimum consump- 
tion of energy to which must be added the frictional and other 
losses, and, with certain restrictions, the energy required to lift 
the dead-weight of the container and the rope. The energy con- 
sumed in hoisting dead-weight may be more or less completely 
eliminated by using balance weights, or by operating two con- 
tainers with the one rope, the one rising while the other falls. 

To hoist W tons at 5 ft. / min. requires, theoreticallj, 2 240 
Ws/SS 000 H.P. If the horse-power actually required is P, the 
overall efficiency of the plant is 2 240 Ws x 100 / (33 OOO P) = 
6 *8 Ws JJP 7o* This formula is equally applicable to continuous 
conveying, if W represents the tons per Tninute conveyed from 
the lower point to the higher, and s represents the verticcul com- 
ponent of the movement. Where the conveyor is entirely hori- 
zontal in movement, then no lifting occurs, the power supplied is 
consumed only in overcoming frictional resistances and electrical 
losses, and can only be estimated from experience of similar in- 
stallations already in use. 

785. The Counterbalance Principle. — Where passengers are 
to be hoisted, or conveyed up inclines intermittently, some form 
of cage or car is an obvious necessity and the power utilised for 
lifting this against gravity would be a dead loss were a single cage 
or car to be employed, for it is not generally practicable to apply, 
on the downward journey, any form of regeneration by means of 
which the energy stored in the lifted vehicle can he converted into 
electrical energy and returned to the supply system. Where 
hoisting in a free vertical path is involved, as with cranes, the load 
is frequently supported by some arrangement of slings, or in a 
container, of negligible weight, and no serious loss of energy results 
from leaving these items entirely unbalanced. 

In passenger lifting it is possible to eliminate a large proportion 
of the energy loss which would otherwise result from hoisting the 
container, hy adopting sopie means of counterbalancing the dead- 
weight of the container. In some cases this may he combined 
with a downward journey, as in funicular railways, by attaching 
two cars to the haulage rope, one at each end, the rope passing 
round the drum of the winding engine located at the top of the 
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incline. The one car will then rise while the other descends, and 
the dead- weights of the two cars will cancel out in all circmn- 
stances; the weight of the rope is not counterbalanced unless 
a tail-rope is used, as is sometimes done in mine-shaft winding 
Although, in many instances, the passenger loads will similarly 
balance each other more or less completely, the power and other 
requirements must be determined for the extreme case of the 
rising car being full and the descending car being empty. 

For passenger lifts in buildings it is not usually convenient to 
connect two cages in this manner, as such lifts cannot normally be 
operated on any time-table, but must travel at irregular intervals 
according to requirements. An occasional exception to this rule 
may occur as, for exanaple, in the lifts between the second and third 
floors of the Eiffel Tower, Paris ; here two lift cages are operated 
simultaneously from a single winding engine, the one working 
between the lower stage and the mid-level, and the other between 
the mid-level and the upper stage, the passengers on either journey 
changing cages at the mid-level. In most passenger and goods 
lifts, the dead-weight of the cage is balanced by a special counter- 
weight, and, since the load may vary from empty to full load, it 
is the usual practice to design the counterweight to balance the 
average total load, i.e. the counterweight is made equal to (Tare 
of cage -f maximum useful load). The maximum upward 

effort to be applied by the driving mechanism is then limited to 
one-half the useful load, apart from frictional and accelerating 
forces. In colliery winding installations with two cages or skips 
it is practicable always to raise one while lowering the other; tMa 
permits practically complete balancing of the dead- weights. 

786. Cranes: General. — Cranes are made in a variety of 
designs, which vary from the simplest form of ‘jib crane,' or even 
a plain ‘ hoist ' at the end of a beam, to complex forms such as 
the ‘ transporter ' crane. At the one end of the scale the load is 
lifted vertically, without movement in any other direction, and the 
design then becomes more complicated as additional movements are 
superposed upon the elementary movement of lifting. Although 
much of the work of cranes is to lift materials through considerable 
heights, there are many applications, particularly those of loading 
and unloading ships, railway and road vehicles, where great verti- 
cal movement is unnecessary. In these cases the superposed 
motions may be of greater importance, as in the case of the work- 
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shop overhead travelling crane, and the dockside travelling jib 
crane. 

The overhead ‘runway/ which is of such great utility in 
workshops and factories, is merely a combination of some form of 
simple hoisting device, attached to a simple carriage which can be 
hauled along the runway by hand or driven by electric power. 

In all variations of the ‘crane,' the additional motions gener- 
ally involve mechanical rather than electrical considerations. The 
various movements, other than the fundamental one of hoisting, may 
be classified broadly into two types : (1) Those in which the whole 
structure moves along some defined path or track, as in transporter 
cranes ; or where part of the structure moves along some other 
part, as in the overhead travelling crane ; and (2) those where por- 
tions of the structure operate as mechanism, e.g. the various motions 
of the jib in the many forms of jib crane. The former call for no 
explanation, but the latter type introduce certain complications. 
Jib cranes of all varieties are frequently arranged so that the whole 
structure may be rotated about a vertical axis with the jib in any 
position, so that the area of activity may be a circle or part of 
a circle. This rotational movement is termed ‘ slewing.’ The 
usefulness of a jib crane is greatly enhanced by pivoting the jib at 
its foot, and providing means for varying the angle of inclination 
of the jib. If provision is made for altering the inchnation, and 
therefore the radius of the jib by some sort of mecbanieal adjust- 
ment (usually without load on the jib), the crane then being used 
for some time with that setting of the jib, the crane is a ‘ derrick- 
ing ' crane. If, however, the provision for varying the jib inclina- 
tion is one of the regular working movements of the crane, and 
can be used with load on the hook, then the crane is a ‘ luffing ' 
crane. By using the ‘luffing' motion, the load may be moved 
inwards from the vertical axis, in a vertical plane, e.p. for loading 
and unloading purposes on docksides. The addition of the ‘ luffing ' 
motion, however, introduces a possible loss of energy, towards the 
elimination of which considerable ingenuity has been directed.*' 

If the jib of a crane be raised nearer to the vertical, the winding 
drum being stationary, the load is lifted through a height nearly 


* A useful treatment of this problem, together with notes on all the principal 
types of electric cranes, is to be found in * Electric Cranes,’ by 0- H. Woodfield, 
Jour, Junior InsL Jfingineers, Yol. 32, Pc. 2, p. 47. 
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equal to the rise of the end of the jib. As a consequence, besides 
the energy required to lift any unbalanced part of the jib and its 
attachments, overcome friction and inertia, energy must be supplied 
to lift the load through the rise produced by luffing. Apart from 
any operating inconvenience of this movement, the energy applied 
to lifting the load through this distance is a dead loss, unless it so 
happens that the load is required to be lifted. To obviate this loss 
of energy, and to avoid the inconvenience of change of height, jib 
cranes are generally built on the ' level-luffing ’ principle, i.e. ar- 
rangements are provided whereby the load moves in a horizontd 
path when the jib is luffed. This may be secured by any one of 
many different arrangements, the details of vrhich involve mechani- 
cal rather than electrical problems. Their application, however, 
effects an appreciable saving in the consumption of electrical 
energy. The basic principle employed is that either by paying 
out rope or by depressing a pivoted section at the end of the jib, 
automatically in both instances, the height of the load is kept con- 
stant notwithstanding the rise of the whole of the jib or the main 
part of it, as required to clear obstacles when slewing, or to move 
the load horizontally. 

787. Cranes: Energy Supply and Types of Motors.— 

Permanent connections to the supply mains (through the usual 
switchgear) should he made wherever possible. Sliding or rolling 
contacts may be necessary to allow the desired degree of relative 
movement between parts of the crane itself, or between the crane 
and its supports. In other cases flexible leads and trailing cables 
(§820) may meet the requirements. (See note, p. 41T.) 

In overhead travelling cranes it is usual to employ bare trolley 
wires of hard-drawn copper, the current being collected by trolley 
wheels or sliding contact pieces, both for the main movement along 
the workshop and for the movement of the crab along the crane 
girders. In such eases the bare conductors are normally out of 
reach of the crane-driving personnel and the workpeople ; their use 
is therefore permissible, but precautions must be taken to guard 
against accidental contact. This method is not practicable where 
current must be supplied from ground level, as in the case of 
transporter cranes, travelling gantry cranes, and the like, hi 
such cases the supply is usually effected by means of long trailing 
cables, suitably armoured, which can he plugged into convenient 
points at intervals along the track. 
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Direct current is generally to he preferred for driving cranes 
of all types, owing to the smooth speed control obtainable, the 
good starting torque of D.C. series and compound motors, and, 
sometimes, the possibility of arranging for automatic regeneration 
of energy when lowering the load. Where the main supply is A.C. 
it may be advantageous to install a Diesel-electric set to provide 
D.C. Such sets are compact, reliable and economical. One Diesel- 
driven generator delivering 65 kW at 260 Y and running at 900 
r.pm. may supply energy to three 5-ton cranes and one 3 -ton crane. 

In general, crane motors must be capable of withstanding ex- 
cessive vibration and shock ; of dealing with rapid variations of 
load, including occasional heavy overloads ; and of providing a high 
torque on starting. In a clean, dry situation, enclosed ventilated 
motors may be employed, but in outdoor positions, especially where 
dirty or dusty loads are to be handled, the totally-enclosed pattern 
is essential. 

The service being intermittent, the ‘time factor" of operation, 
i.e, the ratio of the time of working to the whole time, should be 
taken into account when choosing a rating for the driving motor. 

A common specification for crane hoisting motors is that they 
shah deliver their full load for 30 mins, with a temperature rise not 
exceeding 90° F., 25 7o overload for 5 mins., and twice the full load 
momentarily. This will generally suffice for duty the time factor 
of which is about 1 / 6 . The starting torque should be not less 
than twice the normal full-load torque. The following notes * con- 
cerning the choice of motor speed and rating for crane service are 
instructive : — 

Except; in verj special cases, tlie ^-Ur. rating is ample for crane and winch 
motors. 

The ^-iir. rating corresponds to working all day at full load, 1 min. on and 
4: mins. off. The 1-hr, rating corresponds to working all day at fuU load, 1 min. on 
and 2 mins. off. 

It is only very occasionally, in the case of ordinary 3 -motor cranes, that full load 
is req^uired, hence the ^-hr. rating is usually ample. 

The advantages of using a ‘ slow speed ’ motor (i.e. a motor of slow speed at full 
load) are that the first cost of gearing and the running losses are reduced; also, high 
speeds can be obtained at light loads, the speed varying more with load than in a 
high-speed machine. G-enerally, the crane is working at much below its maximum 
capacity, hence the ‘ slow speed’ motor is usually running at a moderately high speed 
and working with high average efficiency. 


* Abridged from. ‘Electric Motors’ (dth ed.), a brochure issued by Ijaurenoe 
Scott & Co. Ltd., Norwich. 
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D.C. series and cumulatively compound motors (§§ 676, 677) are 
specially applicable to hoisting service owing to their high starting 
torque and an increasing speed as the load is reduced. When wind- 
ing is light, i,e. lifting only the hook, the speed may be twice the 
fuh-load speed. D.C. series motors must not, however, be used 
where the load could, from any cause, become light enough to 
permit them to race. An automatic centrifugal brake on the hoist, 
ing motion prevents excessive speed when lowering. Sometimes 
compound wound D.C. motors are used in order to limit the light- 
load speed. Slip-ring induction motors are often used in hoisting 
and conveying service. 

It is often advisable, in the case of gantry and travelling cranes 
of high lifting capacity, to provide one or more auxiliary hoists of 
lower capacity and greater speed. 

788. Crane Speeds and Control of Cranes. — The speed at 
which the load is hoisted, slewed or travelled depends largely upon 
the type of crane and nature of service concerned. Jib cranes for 
harbour service in loading and unloading ships should operate at 
high speed in order that vessels may make a quick ‘ turn round.’ 
Hook speeds recommended for such service are : — 


Load, 

tom. 

Hoisting, 
ft. /min. 

Lnfing, 

ft./min. 

Slewing, 

ft./min. 

Trayelling, 

ft./min. 

1 to 2 

300-260 

120 

600-500 

160-100 

5 

200-175 

100 

600-150 

100-75 

10 

200-160 

80 

400 

75-50 

60 

50 

60 

soo 

■ — ■ — 


Overhead cranes in workshop service must be operated at much 
lower speeds in the interests of safety, bearing in mind the smaller 
lift required. Typical data are : — 


Load, 

tons. 

Hoisting, 

ft./min. 

Traversing, 

ft./min. 

Travelling, 

ft./min. 

Ifco 2 

25-20 

75-60 

300-200 

3 

20 

76-60 

300-160 

n 

12 

75-60 

350-150 


The higher speeds of travel relate to cranes with driver’s cabs, the 
lower speeds to cranes controlled from the floor. 
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The H.P. required to drive any particular 'motion’ increases 
with the speed at which the motion is operated. This consideration 
may determine the adoption of low speeds of hoisting and travel 
where the crane is used only intermittently. On the other hand, 
if it is desired to make fuU use of the crane, all the speeds should 
he as high as compatible with safe operation and reasonably 
economical mechanical and electrical design. 

Reversing drum controllers are generally used on electric cranes. 
They are operated by handle, or by rope or chain from the floor, 
as the case may be. In small and medium-sized cranes and allied 
equipment the controllers may be connected in the motor circuits, 
hut the use of contactor control panels is increasing and this type 
of gear is practically essential on all the heavier machines. The 
driver’s master-control gear then consists only of press-buttons and 
miniature drum controllers. Tor maximum safety and performance 
the driver should he accommodated in a control cah, which moves 
with the load in the case of travelling cranes and from which a clear 
view of the load and its landing-place can always be obtained. Full 
provision should be made for adequate speed control, including 
creeping speeds where it is necessary to deposit loads very gently 
(e.g. moulds in foundries). Resistances used for speed control must 
he rated liberally. Automatic brakes must be provided to hold the 
load in the event of failure in current supply ; and automatic trips 
are required to prevent over-hoisting, over-lowering and over-travel. 

Series resistance is generally used to control the speed of D.C. 
series- wound hoisting motors, and resistance in the rotor circuit in 
the case of slip-ring induction motors. The hoisting speed may be 
about times full-load speed when lifting half the maximum load ; 

times full-load speed with J-load ; and twice the full-load speed 
when lifting the empty hook. As the speed control effected by 
series resistance varies with the load (§§ *718, 725) additional steps 
may have to be provided on the controller where it is desired to 
lift light loads very gently. In the case of a D.C. series-wound 
motor, resistance in parallel with the armature, as well as in series 
with it, can be used to obtain relatively low speeds at low loads, 
with little variation of speed between J-load and no-load As a 
minimum, the number of speeds provided by the controller should 
be four in each direction for motors up to 5 H.P. ; six for 20-40 
H.P. motors ; and eight to ten for larger machines. 

In handling ship’s cargo and in other services, where it is desired 
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to hoist light loads quickly, use maybe made of the 'discriminator’ 
mentioned in § 718 to reduce the field of the D.C. seriea-^ound 
hoisting motor on light loads. As long as the field is constant the 
natural rise in speed of the series motor with decreasing current is 
insufficient to enable the speed of hoisting to be increased in pro- 
portion to the reduction in the weight lifted, but by aid of a diverter, 
weakening the motor field, this desideratum can be approached. 

789. Types of Cranes and Typical Data. — The distinctions 
between vailous types of cranes are mechanical rather than elec- 
trical. According to circumstances there are many possible ways 
of hoisting a load to any. desired height : traversing it to any 
point across the width, and travelling it to any point in the length 
of a prescribed space ; and slewing it to change its aspect or orienta- 
tion. Electric driving offers to the mechanical engineer the most 
convenient and generally the most economical means of operating 
and controlling these motions individually. From the electrical 
standpoint the only distinctions between the infinite number of 
mechanical combinations and variations lie in minor problems of 
energy supply and control, and in the necessity for allowing more 
or less power to drive the dead-weights of the crane parts and 
overcome more or less mechanical friction. It is impossible here 
to deal with all types and sizes of equipment, but the following 
notes and data will serve as a useful guide. 

Jih Cranes . — In its simpler forms, with a fixed or rotating post, 
and a fixed or slewing and derricking jib, this type of crane is too 
familiar to need description. Its most important refinement is the 
level-luffing device (§ 786), and it should be remembered that the 
jib crane can be applied to almost any type of stationary or travel- 
ling mounting ; also, it can often be added as a useful auxiliary to 
cranes of the travelling crab type. A single motor may drive all 
the motions of a jih crane through suitable clutches and gears, but 
the convenience and performance are increased by using a separate 
motor for each motion. 

Wide requirements as regards flexibility of operation are im- 
posed on cranes, as harbour cranes, which have to deal with aU 
loads within their scope, at speeds and lifts which vary consider- 
ably with the nature of the goods handled and the situations from 
which they are to he taken and into which they are to be placed 
Lifts up to 100 or 150 ft. may be required so that high average 
speed is desirable; neyejrtheless, it must he possible to deposit 
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loads gentlj and accurately. High acceleration and retardation 
are therefore required. Special arrangements have been devised 
to meet these requirements with minimum loss of energy in control 
and with more or less recovery of energy by regenerative braking. 
In one such system a D.C. variable-speed shunt- wound motor is 
used in conjunction with an auxiliary motor-generator, and the 
result obtained is that the main motor can be operated on any one 
of a number of load-speed characteristics ranging in type from that 
of a shunt motor to that of a series machine. The inherent ad- 
vantages of the series characteristic are thus combined with ability 
to run slowly and economically at any load. 

A certaio. level-hcffiTig jib Gram on a portal mounting lifts up to 2 tons at 60 ft. 
radius. Supply — 4=40 Y, D.C. Moisting — 50 H.P., 250 ft. / min. Luffing — 5 H.P., 
320 ft. / min. Slewing — 5 H.P., 380 ft. / min. Travelling — 15 H.P., 100 ft. / min. 
Total 75 H.P. 

In another instance a level-luffilng jib crane has motors as follows : Moisting — 
60 H.P,; 3 tons at 46 ft. radius lifted 178 ft. / min. ; 6 tons at 28 ft. radius lifted 
89 ft. /min. Luffing — 3^ H.P. Slewing — 15 H.P. ; 1 rev. of 3'ib in 20 secs. Total 
—78^ H.P. 

A jib crane suspended from the underside of a crab or carriage 
on the gantry of an overhead travelling crane is termed an under- 
hung jib crane. The advantage of this arrangement is that by 
traversing the crab and slewing the jib loads can be picked up or 
deposited outside the stanchions carrying the gantry, 

A jib crane mounted on an electric battery truck forms a self- 
contained, mobile unit which is extraordinarily useful in dealing 
with loads up to 1 or 2 tons at a radius of from 4 to 10 ft. ; 
cranes of this type can he obtained for loads up to 5 tons but 
they are then necessarily heavy and costly in order to obtain suffi- 
cient stability. The light run-about type capable of lifting -J-ton 
at 8-10 ft. radius and 1 ton at 4-5 ft. radius is the most generally 
useful. 

Overhead Tra^velling Cranes . — A girder or bridge structure 
spanning the workshop or other space served is mounted on wheels 
at each end. These wheels run on horizontal tracks of any desired 
length. A carriage or ^ crab ’ carrying the hoisting gear and, in 
the larger sizes, a cab for the driver, runs on tracks on the crane 
girder. Provision is thus made for hoisting the load ; traversing 
it, by means of the crab : and travelling it, by moving the crane 
as a whole. A single-motor drive is feasible, and sometimes used, 
the several motions being driven through belts, clutches, and square 
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shafts ; alternatively, a single motor may be used on the crah for 
hoisting, the crab being traversed and the crane travelled by 
manually operated chains and gearing. In general, however it 
is preferable to operate each motion electrically and from a separ- 
ate motor. The data in Table 168 are based on a number of actual 
installations of spans ranging from 30 to 60 ft. The span affects 
the total weight but not the motor H.P. 


Table 168 . — Overhead Travelling Cranes. 


Load 

in 

tons. 

Hoisting. 

Traversing- 

Travelling. 

Total 
H.P. of 
Motors. 

Approx. 
Weigh 
of Crane, 
in tons 
(Depending 
on Span 
30-60 ft.). 

Motor 

H.P. 

Ft./min., 

fully 

Loaded. 

Motor 

H.P. 

Ft./min. , 
fully 
Loaded. 

Motor 

H.P. 

Ft. /min., 
fully 
Loaded. 

3 

8 

20-25 

2 

60-100 

8 

200-300 

18 

7-U 

5 

10 

20 

3 

60-100 

10 

200-300 

23 

8-16 

10 

15 

12-15 

3-5 

60-100 

12 

200-300 

30-32 

10-20 

20 

20 

8-10 

6 

60-85 

20 

200-250 

46 

15-28 

60 

30 

6 

. 12 

65-75 

30 

180-250 

72 

26-48 

80 

40 

5 

18 

50-60 

40 

120-160 

98 

42-66 


For convenience and economy, the larger cranes shonld be 
fitted with auxiliary hoists ranging from, say, 5 tons lifting capacity 
on a 20-ton crane to 15 tons on a 80-ton crane. This would add 
2 or 3 tons to the total weight of the crane. 

In some instances cranes and auxiliary hoists are fitted with 
hoisting motors of about twice the H.P. and lifting speeds shown 
in Table 168. In other cases change-speed gearing is fitted so that 
half or one-third of the maximum load can be lifted at twice or 
three times the full-load speed. 

The ‘hammer-head' crane may be regarded as an overhead 
travelling crane which ‘ travels ' by rotation in a horizontal plane 
instead of along straight rails. 

Hammer-Head (or Tower-Type) IS^O-tonDoch Crane. — The counterbalanced head 
of the crane rotates in a horizontal plane on top of a lattice tower, and carries a crab 
with hoisting gear. Supply — 110 Y, D.C, Hoisting — Two 17J H.P. motors hoist 
150 tons at 2^ ft./min. ; 37 tons at 10 ft./min. ; 18 tons at 20^ ft./min. Crah 
Traversing — One 26 H.P. motor; 26 ft./min. Slewing — One 26 H.P. motor; 1 rev. 
of crane head in 7*2 mins. Total — 87 H.P- 

Grantry and ‘ Goliath ’ Cranes . — These cranes consist of a 
portal -type structure running on rails for any desired distance 
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and provided with a hoisting-crat that moves to and fro on the 
o-irder or gantry for traversing the load. The motions are gener- 
ally driven by separate motors. The following data relate to 
actual machines ; obviously, the requirements may vary indefinitely. 

Independent motors throughout. Supply~-4:i.O V, D.C. (i) 3-Ton Crane. 
Hoisting— 10 H.P,, 25 ft. /min. Traversing— 5 H.T., 90 ft. /min. Travelling— 
15 H.P., 250 ft. /min. Total — 30 H.P. (ii) 3^-Ton Crane. Hoisting— ^6 H.P., 
200 ft. / min. Trave^'sing — 10 H.P., 200 ft. / min. Travelling — 10 H.P., lOO ft. / min. 
Totals^ H.P. 

75-fow wharf gantry crane, with 90-ft. hoom or jib normally projecting horizon- 
tally, but capable of being lifted about its inner end. The jib bas a 10-ton hoist at 
the outer end ; and there are 50-ton and 25-ton crabs which can be used together to 
lift 75 tons. Supply — 220 Y, D.C. Hoisting— QO-ton crab: 50 H.P., 10 ft. ^ min. 
25-ton crab : 50 H.P., 20 ft. / min. 10-ton hoist : 25 H.P., 25 ft. / min. Crab 
Traversing — 50-ton crab : 25 H.P., 75 ft. / min. 25-ton crab : 25 H.P., 150 ft. / min. 
Travelling — 100 H.P., GO ft. / min. loaded; 150 ft. / min. light. Elevating boom — 
60 H.P. Total— S25 H.P. 

A floating gantry 450-tow crane mounted on two barges, one containing a 110 kW» 
250 V steam-driven generator for power supply, has been used to lift 450-ton blocks 
of concrete in harbour construction (Algiers). The gantry carries a rotating tower or 
turret with two crabs. The motor H.P. and motion speeds are: Hoisting — Two 
71 H.P. ; 2-3 ft. / min. lifting ; 3*95 ft. /min. lowering. Crdb-Traversing — Two 
28 H.P. ; 13*2 ft. / min. Slewing — Two 28 H.P. ; 1 rev. of tower in 3 mins. HooTcs 
—Pour 1*65 H.P. ; opened or closed in 25 secs. Total— 2^1 H.P. 

TraTisporter Cranes. — These are built in many difierent forms, 
aU consisting essentially of a combination of a travelling gantry 
crane with an electric runway. A grab-bucket or other lifting 
device or container is hoisted by a motor on a crab or trolley which 
runs to and fro on the transporter bridge, the latter travelling on 
rails, overhead or on the ground. A cantilever or projecting boom 
is generally a distinctive feature of this machine ; and provision 
may be made for the trolley to leave the bridge and go far afield 
on a runway. A rough estimate of the probable power require- 
ments in any particular case may be based on the data given for 
overhead and gantry cranes and electric runways. 

Grab BneJcets, — These may be used with any type of crane to 
handle coal, earth, or other loose material. There are two distinct 
functions to be performed, viz. the closing (or opening) of the grab 
and the hoisting (or lowering) of the latter. In one common ar-- 
rangement, the outer edge of each half of the grab is attached by 
tie-bars to a crosshead hung from the hoisting ropes, while the 
inner edge of each half is attached to a second crosshead hung from 
the grab-closing ropes. Raising or lowering the latter, relatively 
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to the hoisting ropes, closes or opens the grab by a toggle action. 
Each pair of ropes goes to a separate winch drum, so that the 
closing ropes can be operated independently of the hoisting ropes, 
to close or open the grab. Normally, however, both sets of ropes 
must be taken in or paid out at the same rate so that the bucket 
is raised or lowered without dropping its load. Both winches may 
be driven by a single motor, but for heavy service (say more than 
3 tons total load) it is usually considered preferable to employ two 
motors, each of half the total H.P. required for hoisting, and each 
geared to one winch. Normally the controllers for the two motors 
are coupled mechanically by a device which ensures both beiug on 
the same notch, but the coupling can be interrupted to allow the 
closing winch to he operated independently for closing (or opening) 
the grab. 

790 . Electric Pulley Blocks and Runways, — The electric 
pulley (or lifting) block consists essentially of a high-speed motor 
(usually a D.O. series machine) geared down to a rope drum, 
and fitted with an automatic brake with electro-magnetic release 
or with a self-sustaining worm-gear reduction. The whole is 
assembled as a compact, totally- enclosed unit which can be 
attached to any suitable girder, or hung from the hook of an 
existing hand crane. If the unit is provided with trolley wheels 
it can be hauled by hand, or driven by its own power, along the 
flanges of ‘runway’ girders. The controller is built on to the 
pulley block and operated by pendant chains from the floor level. 
When selecting these machines it should be remembered that the 
maximum lift is the height of the suspension beam, etc., minus the 
overall height of the block and its sheaves and hook. Typical 
data are given in Table 169 : — 

Table 169 . — Approximate Speeds and H.P. of Electric Pulley 

Blocks. 


lifting Capacity, Tons. 

h 

1. 

2. 

3. 

5. 

Hoisting motor, H.P. 

li-2 

1^-3 

3-4 

4^-6 

7-10 

Hoisting speed, ft./min. . 

20-23 

10-20 

10-13 

10-13 

10-13 

Travelling motor, H.P. 

1 



2 


TraveHing speed, ft./min. . 

100 

100 

100 

100 

80 

Max. lift, ft 

20-40 

20-25 

20-25 

20-25 

15-25 


An electric runway consists of an overhead running track, often 
the lower flange of an I-beam ; a self-propelling electric pulley 
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block or hoisting winch, with a driver’s cab attached in the larger 
installations ; and contact wires for the supply of electrical energy 
to the travelling hoist. (See note, p. 417.) 

791. Electric Winches and Capstans. — These machines 
comprise an electric motor driving a rope drum or capstan through 
suitable reduction gearing. The capstan, being a vertical-spindle 
machine, may be driven through worm gearing by a horizontal- 
shaft motor placed in a watertight chamber beneath the capstan ; 
or a vertical-shaft motor may he located more or less completely 
inside the capstan head. Automatic starting and safety gear is 
commonly provided, the operator having only to close a master 
switch to start the motor. F or easy control of the haulage opera- 
tions it is convenient to start the motor on light load and to engage 
the motor with the rope drum, as required, by means of a clutch 
pedal. The requirements of such a case are well met hy a D.C. 
compound- wound or a squirrel-cage A.O. motor. 

Theoretically, about 6| H.P. is required per ton of rope puU 
per 100 ft. / min. of rope speed; actually, the allowance should be 
from 10 to 13 H.P. per ton pull per 100 ft. / min. , relatively higher 
power generally being needed in small than in large machines. 
The data in Table 170 may serve as a basis for general estimates. 

Table 170 . — Electric Winches and Capstans. 


Eope Pull, 
Tons. 

Eope Speed, 
Ft. /Min. 

Motor, 

H.P. 


100 

3 


160 

5 


260 

n 

i 

100 ! 

6 


160 

10 


250 

15 

1 

100 

10-12 


160 

15-18 

2 

100 

20-25 

5 

50 

25-30 

10 

SO 

30-36 


The Austin constant-current system, described more fully in 
§ 678, offers special advantages in the driving of hoisting winches, 
haulage capstans, and, in fact, wherever a wide range of speed 
control at full load is desired. From the nature of the case a 
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motor in a constant-current circuit cannot be damaged by overload 
Wben the overload becomes high enough, the motor will be stopped 
but the current will still remain at the constant value of the system 
instead of rising to a destructive extent as it would in a conatani 
voltage system under short-circuit conditions. Also, the stalled 
motor will continue to exert more than the full-load torque and 
will therv-^fore ‘ hold ’ its load. Finally, as the motors are regenera- 
tive, loads which are being lowered help to lift others which are 
being hoisted at the same time. 

ThePiJ losses in the circuit cables of a constant-current system 
are constant and continual (§ 317, Yol. 1). The system is there- 
fore wasteful, so far as the distribution of heavy currents at medium 
voltages is concerned, unless the loads are close together, the use of 
very heavy conductors to reduce the PR loss in long circuits being 
economically impracticable. Probably the most favourable oppor- 
tunity for the use of this system is on shipboard, where a large 
number of motors are necessarily installed in a relatively small 
space, and the simplicity of the series circuit, together with the 
absence of circuit breakers and fuses, is specially appreciated. 

792 , Electric Lifts : General. — Electric driving is generally 
the most convenient and economical method of operation for lifts, 
with the possible exception of those handling heavy loads over 
short distances, for which the hydraulic system may be preferable. 
Usually, the advantages of electric over hydraulic driving lie in the 
readier provision of suitable safety devices; the wider range of 
manual and automatic control methods that may be incorporated; 
the less space occupied in the building; lower initial cost; and 
smaller expenses for power consumption and maintenance. 

Lifts may be divided into two main classes, viz. passenger lifts 
and goods lifts ; and passenger lifts may again be divided into 
express types and slow-speed types. In all cases, the control gear 
and safety devices are of great importance, and it is desirable to 
seek advice from makers when planning any scheme of lifts, in 
view of the necessity for conforming to building regulations, and 
securing the most economical, reliable and suitable arrangements. 

The general arrangement of an electric lift installation is for the 
car to be suspended from an arrangement of steel wire ropes, the 
car being guided laterally by suitable runners for the whole depth 
of the shaft or well. The hoisting rope passes to a motor driven 
winding engine and the car plus a proportion of the load is usually 
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counterbalanced to reduce the energy consumption. CounterJ 
balancing is sometimes dispensed with in goods lifts of small travel^ 
■sphere the energy consumption in respect of the top speed travelling s^ 
is small compared with that required for acceleration. 

With the larger installations, it is a common practice to use two 
counterweights, -viz. a drive counterweight and a car counterweight. 
The ropes connecting the car to the drive counterweight pass over 
the winding pulley, while those from the ear to the car counter- 
weight pass over idle pulleys. The purpose of the ‘ car counter- 
weight’ is to reduce the load on the driving pulley shaft and axles. 

Multiple cables are generally employed for both ear and counter- 
weight, providing ample safety and reducing the bending stresses 
on the ropes. It is usual to counterbalance the car and the average 
load very closely, so that the energy consumption is restricted^ as 
nearly as possible to overcoming frictional resistances, and starting 
and accelerating the load. The more usual methods of control 
demand some electrical connection between the lift car and the fixed 
wires in the lift well. This is provided by flexible cables sus- 
pended from below the car floor and anchored to a junction box at 

the centre of the lift well depth. 

The simplest and lightest arrangement is to place the winding 
engine at the head of the shaft, and carry the cage and counter- 
weight from a single ‘fall ’ of rope passing over the driving pulley 
in the case of traction sheave drive, or to carry the car and counter- 
weight each from a single fall of rope attached to a winding drum. 
This arraigement involves least frictional losses, shortest length of 
ropes, and minimum load on the building. The speed of the car 
is then always equal to the circumferential speed of the driving 
pulley or drum, and it is arranged, wherever possible, that the 
sheave diameter equals the distance between the car a,nd counter- 
weight ropes, thus avoiding guide pulleys with their attendant 
losses, cost and maintenance. 

Circumstances may sometimes demand that the winding engine 
be placed at the foot of the shaft, the rope or ropes then passing 
upwards, and over a head pulley before attachment to the car or 
counterbalance ; this doubles the load on the building and results 
in additional frictional losses. Also, the rope is subjected to 
reversed bending which imposes additional stresses upon it. The 
usual practice of lift manufacturers is to adopt the overhead drive 
where circumstances permit. 
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Tke invariaHe practice is to run each lift in its own shaft or 
well. A suggestion has been made in the U.S.A., however (where 
the 'zoning' regulations diminish the floor area on the upper floors 
of tall buildings), that two lifts be run in a single shaft, both operat- 
ing in the same direction with a pre-determined headway under 
automatic control. Such an arrangement would provide a greater 
lift capacity for the upper floors of such buildings. 

793. Methods of Driving Lifts, — The actual drive to the sus- 
pension ropes may he either by winding drum or by traction sheave, 
and the latter method includes two sub-divisions, full wrap trac- 
tion and wedge drive traction (also termed half- wrap traction, or 
Y-groove drive. 

The winding-drum system, formerly very common, has been 
largely superseded for lift work by the others, except for short 
travels and heavy loads. The ends of the hoisting cables are at- 
tached to the car and the drum respectively, and those of the drive 
counterweight to the drum and the balance weight. The drum is 
machined with two sets of helical grooves, of shallow circular sec- 
tion, so that the one set of cables is paid out as the other is wound 
up. Where an additional car counterweight is employed, the cables 
connecting this with the drum pass over idle head pulleys distinct 
from the winding engine. A positive drive is obtained, which, 
however, is not an advantage should the car be brought against the 
stops owing to failure of the limit-travel switches, as severe forces 
may then be applied to the mechanism. Provided that the drum 
is of sufficient diameter, the drum drive prolongs the life of the 
ropes by eliminating slip. The greatest disadvantages are that the 
drum cannot be made standard, since it must accommodate the 
whole length of rope to be wound up, and that with long travels 
the length and weight of the drum become excessive. 

The two traction systems drive by friction ; the hoisting ropes 
are attached at the ends to the car and the drive counterweight, 
and pass over or round the driving sheave, which has separate 
parallel grooves. The design of the sheave is independent of the 
length of travel, permitting of greater standardisation, and the 
space and dimensions of the driving shaft are not affected by the 
total travel. 

In the full-wrap traction system, frequently employed in 
America, the driving sheave is grooved with shallow circular 
grooves on which the cables bed. A secondary pulley, or idle 
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pulley associated witk tlie driving sheave, must be used to obtain 
the necessary ^ coil friction ’ eiFect equivalent to a complete turn 
of the ropes round the driving sheave. These secondary pulleys 
are slightly smaller than the driving sheave and are placed close 
thereto. The cables from the car pass over the traction sheave, 
then over the secondary sheave, back over the traction sheave, and 
thence to the counterweight. The shallow bedding grooves em- 
ployed maintain the tractive effort at a constant value, not being 
so subject to wear as are the V-grooves of the wedged drive system 
described below. The system has the advantage that the angle of 
lap round the traction sheave is the same for all widths of car. 
With the winding gear at the head of the shaft, and one-to-one 
roping, the ropes are always subjected to bending in one direction, 
hut reversed bending occurs when two-to-one cabling is adopted, 
which circumstances sometimes demand. 

The wedge drive or V-groove traction system is the simplest 
of all and is the method generally favoured in this country. One- 
to-one cabling is commonly employed and the shortest possible 
length of cable is then required. The driving sheave is turned 
with the parallel Y-grooves in which the hoisting ropes wedge 
themselves. A greater frictional effect is thereby obtained, so 
that a half lap round the sheave is ample. The hoisting cables 
are then attached at their ends to the car and the drive counter- 
weight, and pass over the traction sheave. For exceptionally 
heavy loads, the cable is reeved with a two-to-one ratio. With 
a car so wide that it is impracticable to use a sheave of sufficient 
diameter to give the half lap, a diverting idle pulley must be used 
to keep the counterweight clear of the car, and in such eases it 
may be desirable to revert to the full- wrap drive. Although the 
Y-grooves are subject to wear by the rope, and there is some crush- 
ing effect on the ropes, experience has shown that these effects are 
of no great importance. 

Two methods are in common use for rotating the driving sheave 
or drum — the geared system and the direct drive. In the geared 
system a high-speed motor is used, driving the final shaft through 
some form of gearing. The direct drive requires a low-speed (and 
therefore larger) motor, the driving sheave or drum being keyed 
directly to the armature shaft. 

The geared system is favoured in this country, and now usually 
employs worm-reduction gearing. When the number of threads 
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on the worm is small, and the efficiency does not then exceed 
50 the worm drive possesses the great advantage of being self, 
locking, so that there is no possibility of the load driving the motor 
Worms with less than two threads are seldom employed. The wortu 
is preferably placed below the worm wheel, so that the meshing 
gears run in an oil bath, but winding engines with the worm at the 
top are not uncommon in smaller installations, as this arrangement 
enables the complete winding engine to be made rather smaller and 
lighter. The worm drive ohers the smoothest operation when 
carefully made and is probably the commonest type in use. The 
end thrust is, however, considerable, and for heavy loads in con- 
tinuous service the tandem worm drive has been employed, in 
which worms of opposite hands on the same shaft drive two worm 
wheels so located that their teeth mesh. The three points of con- 
tact minimise the gear pressure and end thrust is eliminated. 

Alternative gear systems adopted are spur gear (either in- 
ternal or external) and double helical gearing, which require 
accurate manufacture and mounting to ensure quiet and smootk 
operation. 

Horizontal motors are generally employed, but where door 
space is very restricted it may be preferable to use a vertical- 
shaft motor. The position of the worm wheel and rope-driving 
sheave remains unaltered, but the motor and worm are swung 
through 90° in a vertical plane, and the brake is fitted to an ex- 
tension of the upper end of the motor shaft. In a particular case * 
a vertical shaft motor complete with worm gearing and traction 
sheave, for capacities up to 1 000 lb. at 100 ft. per min., measures 
24^ X 19^ ins. x 36 ins. high. 

The direct-drive or gearless system has been extensively em- 
ployed in the U.S.A,, and provides a very smooth and quiet operat- 
ing machine with high efficiency at full speed on long travels. It 
is generally employed with the full-wrap traction drive and requires 
a very low speed D.C. motor, although two-to-one roping enables 
a faster, and therefore lighter, motor to he used. Since the diameter 
of the driving sheave must usually exceed about 40 times the rope 
diameter, in order to limit bending stresses on the cables, the system 
is restricted to the higher lifting speeds ; with one-to-one cabling, 
speeds generally lie between 350 and 700 ft. per min., but can be 
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reduced to between 400 and 600 ft. per min. with two-to-one 
cabling, tbe motor speed being of the order of 65 r.p.m. 

In an actual American installation of this type the motor speed 
of 63-6 r.p.m. with a 364n. sheave corresponds to a running speed 
of 600 ft. per min. The saving in first cost of the gearing is largely 
offset by the additional costs of the low-speed motor and the absence 
of the self-sustaining feature of the worm gear. 

794. Running Speed of Lifts. — The choice of the running 
speed of a lift depends upon a number of factors, including : the 
total travel ; the type of service, i,e. the number of stops in the 
travel ; the type of control ; the scope of the safety devices fitted ; 
and, over-riding all, the regulations of local authorities and insur- 
ance companies. 

Passenger lifts generally operate at higher speeds than goods 
lifts, as the time element is of greater importance with a human 
cargo, except in certain manufacturing operations where the rapid 
delivery of material may be of prime importance in maintaining 
continuous production. 

In all cases a certain distance is required for the running speed 
to be reached from rest, and for a moving lift to be stopped. 
These distances are obviously travelled at varying speeds below 
the running speed, and can only he reduced hy increasing the 
acceleration. A high acceleration imposes high forces on the 
whole of the mechanism, requires a correspondingly powerful drive, 
and, in the case of a passenger lift, is apt to impose more or less 
discomfort on the passengers. An acceleration of 5 ft. per sec.^ 
is generally considered to be the maximum to which passengers 
may he safely subjected ; and with a running speed of 600 ft. per 
min. this requires a distance of 10 ft. for starting or stopping. 
On the other hand, Marryat * has found it possible to accelerate 
a lift to 300 ft. per min. in 2 ft. (acceleration = 6^ ft. per sec.^), or 
to 600 ft. per min. in less than 4 ft. (acceleration == 12^ it. per sec. 
without discomfort to passengers, provided that the acceleration be 
very smooth. With a given acceleration, a high running speed 
cannot he reached unless there is a sufficient distance from start 
to stop. Furthermore, unless there is an appreciable distance over 
which the running speed can be maintained, the driving motor will 
operate under uneconomical conditions for the majority of its 
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working time. A suitable running speed is, therefore, largely 
a function of the travel and the distance between stops. 

A higher speed is generally permitted when a passenger lift 
is under the direct control of a regular operator than where auto- 
matic (push-button) control is employed; thus the automatic lift is 
inherently a time and power waster, since the passengers run the 
car with no regard for the demand from various floors. Where 
exact levelling of car with floor is desired, a further restriction is 
imposed hy the careful control of deceleration required on stopping. 
The addition of safety devices, always desirable with passenger 
lifts, reduces still further the time available for top-speed operation 
by reason of the time required for shutting doors, landing gates 
and the like, and for the operation of the various relays and other 
control gear, increasing the loading and unloading times. 

The speeds at which passenger lifts are generally operated in 
Great Britain are approximately as follows : — 

Ft. per Min. 

liifts in offices and flats with car switch control (by attendant) 200-350 

Lifts in offices and flats with push-button, control . . . 100-200 

Large lifts, e.g. in underground railways about 180 

Data relating to actual installations will be found in Table 171, 
§800. 

Much higher speeds are commonly employed in the United 
States, where greater scope is offered by the presence of ‘sky- 
scraper ’ buildings. Typical speeds in American installations 
are: — 

Ft. per Min. 

Travel up to 100 ft 350400 

Travel up to 150 ft • * 400-560 

‘ Express ’ services, stopping at only a few selected floors in the 

highest buildings 550-600 

* Express ’ services in exceptional cases, where regulations permit 700-800 

It is unlikely that speeds in Great Britain will exceed 600 ft. 
per min. for many years to come, as there are few buildings with 
ten or more stories. 

For goods lifts, the ranges of speed are less well defined and 
vary greatly among different installations, according to the load 
and service. With loads from ^ to 5 tons, speeds commonly range 
from 250 to 25 ft. per min. Representative figures from actual 
installations will be found in Tahle 171, § 800. 

795 . I.E.E. Rules for Electric Lifts. — Regulation 122 in the 
ninth, edition of the I,E.E. Regulations for the Electrical Equip- 
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nient of Buildiags (Wiring Rules) imposes the following require- 
ments on every electric lift or hoist (see footnote f, p. 357): — 

{(t) It shall be operated from a circuit which is independent 
of the lighting installation. 

(b) The mnlti-core trailing cable shall comprise the requisite 
number of conductors to keep the motor wiring and the control 
and safety devices entirely separate. 

(c) The control and motor leads shall be in separate 
conduits. 

(d) Except in special cases, snch as chemical works or cold 
stores, all cables for any purpose in the lift or hoist shaft, 
except trailing cables, shall be armoured (Regulation 87, 
Class it) or shall be enclosed in metal conduits complying with 
Regulation 87 (Class T1 or Class T2). 

796. Motors for Lift Driving. — The conditions under which 
lift motors must operate vary over a wide range. The load may 
vary from full positive load (or even from 20 7o overload) to 
a negative load or ‘ overhauling,’ and good speed regulation at 
all loads is an important featxire. The static friction after the 
machinery has been standing idle is usually large, and this, com- 
bined with the need for quick acceleration, demands a starting 
torque up to some 2-J times the full-load running torq ue. It is 
also important that the rotating parts shall have a relatively small 
inertia to facilitate rapid starts and stops, although, on the other 
hand, an appreciable flywheel efiect assists in preventing sudden 
speed variations. To reduce the inertia efiects the armature 
should be small, light, and run at a moderate speed. The speed is 
usually below 1 000 r.pm., but higher speeds are sometimes used, 
especially in small installations with low speed of travel Quiet 
running is a very important consideration. 

A lift motor must obviously be of a type which can be started 
easily and quickly. High starting torque is essential fon rapid 
acceleration, but the speed of the motor must be incapable of 
exceeding a predetermined maximum, corresponding to the desired 
maximum speed of travel, however light the load. According to 
requirements, the motor may run always at the same speed 
(subject to variations caused by its inherent speed regulation) 
after acceleration is completed and until deceleration commences ; 
or provision may be made for running it at reduced speed by 
means of an appropriate controller. These requirements are met 
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"by the D.C. compound-wQ-and motor (§ 677) and the A,C. slip-rin^ 
induction motor (§ 6S3), which are the most commonly employed 
types (see Table 171, § 800) ; also, by induction-repulsion and 
variable-speed A.C. commutator motors. For further information 
on motors, motor control and driving, see Chaps. 28 to 30. 

Shunt-wound D.C. motors are used in some small installations 
but the cumulative-compound motor is to he preferred, owing to 
the improved starting torque resulting from the series winding. 
If desired, the latter may be cut out when the motor is up to 
speed, so that the machine then operates with the constant-speed 
characteristic of a plain shunt motor. 

Speed control of an induction motor is generally hy rotor 
resistance and then involves losses (§ 725). In the case of 
D.C. drive, speed control may he hy shunt field variation or by 
variable voltage control (§ 716). The auxiliary motor-generator 
required for variable voltage control may also serve the purpose 
of enabling a D.C. lift motor to be employed where the main 
supply is A.C. Rheostatic losses are eliminated by this method 
of control, and the smooth acceleration obtained is specially valu- 
able where high-speed lifts are concerned. 

IxL a certain American 13-story garage building there are three motor-car lifts. 
Each lift car veighs 26 000 lb,, has a useful load of 8 000 lb., and is drivenbya65H.P. 
gearless motor running at 65 r.p.m. Three 60 H.P. motor-generator sets provide 
variable voltage control. The speed of travel of the lifts is 300 ft. per min., and the 
cars can be stopped in 15 ft., corresponding to a deceleration of 0-833 ft. per sec.^. 

Three-phase motors are generally preferred where A.C. supply 
is used without conversion, hut many single-phase installations are 
in satisfactory operation (see Table I7l, § 800). Particulars of 
a single-phase, shunt-type, two-speed motor are given in § 734. 
This machine operates a 6-floor lift in a busy office ; the supply is 
4*40 Y, 1-phase, 40 cycles ; and the capacity is 15 cwt. at 200 and 
100 ft. per min., the lower speed being used when retarding, to 
facilitate smooth landing. 

A wide change of speed (3:1 or even 6 : 1) for landing pur- 
poses is sometimes obtained hy the use of nole-chanPrinPT motors 
(§ 725). 

797* Control of Lifts. — The nature of the problem demands 
that lifts shall he fitted with some form of remote control, and 
the fact that the operation is seldom in charge of those having 
any electrical knowledge further requires that a certain amount 
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of aufcomatie working shall be incorporated in even the simplest 
control systems. 

Lift control gear must be designed and constructed to permit 
of frequent and severe operation. An inexperienced or careless 
operator will employ ‘ inching ’ to a large extent where automatic 
arrangements for exact landing are not provided, thereby throw- 
ing unnecessary work on the control gear. Furthermore, many 
lift installations are not under regular expert supervision. 

The necessary power switches, with their operating relays, 
fuses and other equipment are mounted on a panel near the motor, 
and connected hy suitable cables to the associated apparatus, such 
as resistances, also located nearby. 

The main functions of the controller are: (1) To start the 
motor and accelerate it to full speed in either direction, and to 
stop it at the will of the operator. (2) To control the speed of the 
motor at the will of the operator where a car attendant is in charge. 
(3) To stop the lift at each limit of travel with all loads between 
full load and no load. In high-speed lifts this usually involves 
some preliminary slowing-down device. (4) To disconnect the 
motor from the line and apply a brake in the event of overrunning 
in either direction. (5) To control a brake which will stop the car 
positively at each landing and hold it securely in position. 

The chief components of the controlling equipment are the main 
and reversing switches, the accelerating devices, overload protection 
devices, switches and relays as required for dynamic braking, 
multiple-speed operation, automatic landing and the like, and 
suitable interlocking devices. The interlocking devices should 
safeguard not only against ignorance and carelessness on the part 
of lift-users, but also against deliberate tampering. The landing 
and lift-gate interlocks, which should prevent the lift being started 
or run with the lift-gate or any landing gate open, are specially 
liable to he misused. Considerable ingenuity is often misapplied 
to frustrating the purpose of these vital safeguards in order to suit 
the convenience or even to gratify the mischievous whim of some 
person. 

Handrojpe Control , — The simplest form of control is akin to 
that used on hydraulic lifts, where a loop of rope runs the whole 
length of the lift shaft, one half of the loop passing through the 
car, and being suitably attached to the control gear at top or 
bottom. By pulling on the rope in the natural manner to provide 
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the required movement or stop, the controller is placed in the 
appropriate operating position. This method is obviously restricted 
to slow-speed operation and is now employed only on low-speed 
goods lifts. No electrical connection is required between car and 
controller. Instead of the handrope being operated directly by 
hand, it may be connected to a lever or handwheel in the car, an 
arrangement which enables the operator to deal with somewhat 
higher speeds. 

Gar Switch , — A master switch is located in the car and is 
generally of the semi-rotary type, connected by trailing cables to 
the controller. The switch is employed only for selecting the 
desired direction of travel and the operating speed required, all 
other operations being automatically effected on the control panel. 
A spring-operated, centring device is generally provided to ensure 
return to ' stop ’ if the car attendant should remove his hand from 
the switch handle or lever. This is the method commonly employed 
where all operation is to be effected from, within the car itself, by 
a regular attendant, or (less frequently) by a traveller acting as 
attendant, and it is probably the commonest type in use for office 
lifts and the like. 

Push-Button Control , — This gives fully automatic operation, 
actuated by the passengers themselves. A push-button is provided 
at each landing for the purpose of calling the lift up or down. 
Only momentary depression of the button is required. Inside 
the car is a series of similar push-buttons, one for each of the 
floors to be served and, usually, an emergency ‘ stop ’ button. On 
momentary depression of any floor button, provided all gates are 
properly closed, the necessary connections are established by relays 
on the control panel for the lift to travel to, and stop at, the floor 
associated with the button pressed. 

This method is particularly suitable for flats, hotels, and like 
premises where the traffic does not warrant the regular attendance 
of an operator. It is necessarily more expensive in first cost, by 
reason of the additional complication of the switchgear and safety 
devices. The controller requires the addition of a selector switch, 
driven from the winding engine or from the car itself, which makes 
the necessary connections for stopping the car at the landings. 
The necessary addition of the gate-interlocking device unfortun- 
ately renders the system liable to temporary derangement hy the 
action of careless passengers in omitting to close gates. At each 
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floor in the lift well a 'floor direction switch is required, the 
position of which is reversed every time the car passes it. This 
is to ensure that, when an intending passenger presses the lift- 
calling button on any landing, the lift will move upwards if it is 
below that landing, or downwards if it is at a higher floor. 

The automatic system has the disadvantage that delays may 
be occasioned by a careless passenger forgetting to shut the gates 
or closing them imperfectly. It is not an advisable system to 
install where heavy traffic is likely, as a single passenger can 
commandeer the lift and pass floors where intending passengers 
are waiting. A simpler system of the same type provides only 
three buttons, ‘up,’ 'down’ and ‘stop,’ which naturally requires 
more attention on the part of the passengers. 

Space does not allow a full description of the many relay- 
operated devices that successively come into play during the opera- 
tion of a fully automatic press-button lift, but the broad working 
principles are as follows : — 

On pressing the starting button for any particular floor, po-wer is applied to 
the motor through starting resistance, which is out out gradually as required by 
relays energised by a shunt across the armature, in the case of a I>.0. elevator. 
There may be several of these relays, coming successively into action, the last of 
them cutting out the series magnet coil of the motor for final acceleration. For 
ensuring travel in the right direction, there is a flloor-oontroller, consisting of a 
drum which is revolved in unison with the main shaft of the elevator while at the 
same time travelling along a coarsely-threaded shaft, so that for any position of 
the lift there is a corresponding position of the drum. On the periphery of the 
drum are a series of parallel spirals of brass, with the same pitch as the thread, for 
'up ’ and * down ’ motion respectively, with brushes bearing on them. The spirals 
are each broken at points corresponding with the floor levels when the lift is 
travelling, so that the ‘ selected ’ brush breaks the circuit when it comes to the end 
of its spiral. Before the cage reaches the floor at which it is intended to stop, 
OTmilft.T relays slow down the motor and finally release the brake. The whole of the 
power circuits are placed in the motor chamber, and operated by relays from the 
separate low-pressure operating circuit ; this latter has press-buttons for making any 
circuit required, and the circuit also runs through the outside and inside gates of 
the cage, so that if gates are left open the circuit is broken. 

A further safety device is an electromagnet excited in series with the coils of 
the reversing switch, which will open the main circuit if the reversing switch 
sticks. There are also stops near the top and bottom of the travel, where a trip in 
the operating circuit is actuated hy the cage, in case the normal stopping gear fails 
to function ; and a slack cable switch to prevent the cage starting if a rope has 
jammed. In addition to the door stops, there is a ‘ stop-switch ’ in the cage which 
enables it to be stopped at any moment. 

In the absence of very complete diagrams of connections, it would be no easy 
task to connect up the parts of an automatic lift ; and the methods employed vary 
considerahly. To take an example, however, from one particular lift, the effect of 
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pushing a button may be followed out. It completed a circuit through a lam 
a resistance, through the ‘ slack-cable switch ’ ; through the outer gate co t 
through one magnetising coil of the circuit-breaking magnet, through theinsiT 
contacts, and the < stop-switch ’ in the cage (which is normally closed, but ^ 
when pressed) ; thence through the second magnetising coil of the oircuit-bm^^ 
magnet (so that, the two coils being in opposition, the magnet does not move] I 
through the two touching contacts actuated by this same magnet ; thence thr h 
another pair of contacts held together for the time being ; thence along the^”' 
common to all the floor buttons, then through the push-button we have assumed^r 
have been closed by the operator, and thence through the magnetising coil of 
circuit-making magnet for the floor to be run to (there is one for each floor) • th^^ 
through the appropriate (up or down, as the case may be) spiral conductor on Z 
floor controller vid the brush in connection with it and out again by the other bru h 
through the up (or down) segments of the stop-motion switch ; through the excitli 
coils of the safety magnet and the reversing switch ; back again through th 
remaining segments of these two gears, up to the limit switch, through a furth ^ 
resistance and lamp and so to the other pole of the supply circuit. 

If any gate or door or contact in this long series is open, operation is barred 
If everything is in order, then the making of the circuit causes the safety switch 
and the reversing switch to be energised and attract their armatures; the former 
completing the main circuit and the latter determining the direction of travel it 
the same time, the circuit-making magnet for the desired floor attracts its armature 
and establishes the connections for stopping at that floor; and at the same time it 
completes a shorter parallel circuit which immediately enables the push-button to 
bo released, though the gate contacts and safety devices are still in circuit. Mean- 
time, however, all the other push-buttons are rendered inoperative until the car has' 
come to rest and the opening and subsequent closing of the gates has restored 
everything to its initial condition. 

Dudl Control.— A combination of car switch and push-button 
control is frequently provided, at great first cost, where a lift must 
always be available, but the traffic justifies the employment of an 
attendant only during certain periods. Suitable means must be 
included to render the car push-buttons inoperative when the car 
switch is being used, and, at the same time, to transfer the landing 
push-buttons to the circuit of the floor indicator in the car. 

In order to expedite the lift service in very lofty buildings, 
where the volume of traffic is such that a number of lifts must be 
provided, it is usual to arrange that each lift or group of lifts 
serves only a certain number of floors and runs ' express ’ past 
the others. 

foUowr^ example, the Greater Penobscot Building, Detroit, has lifts grouped as 

6 local passenger lifts serving the basement to the 14tli floor. 

6 intermediate passenger lifts serving the basement, 1st, and all floors from 
lath to 27th. 

6 express passenger lifts serving the basement, 1st, and all floors from 26th to 
34th. 
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3 shuttle passenger lifts serving all floors from 34tli to 44th. 

1 freight lift serving all floors from 2nd basement to 5tli floor. 

2 freight lifts serving all floors from 5th to 44th- 

3 passenger lifts for a bank in the building, serving all floors from the basement 

to 5th floor. 

The bank lift runs at 350 ft. per min., the other passenger lifts at 700 ft. per min. 
in the local zones and 800 ft. per min. in the ‘ express ’ zones. All the lifts are of 
the gearless traction type vdth individual motor-generators, multi-voltage control, 
and main motor micro-levelling. 

A problem of considerable diffienlty in the operation of lifts in 
high buildings is that of simplifying tbe car attendant’s duties and 
of ensuring that a passenger waiting on an intermediate floor is 
served by the first available lift. "Where traffic is heavy and the 
number of floors served is great, the most economical system is 
to run the lifts in definite sequence and, as nearly as possible, to 
a fixed time schedule. In any case, it is obviously desirable that 
a waiting passenger’s ' call ’ should be transferred automatically to 
the nearest approaching lift, provided that the latter is not running 
express through the floor in question. 

Many different solutions to this problem have been devised 
and new systems of signalling and control are continually being 
described in the technical press. The following are some of the 
principles applied, in various combinations, in recent installations : — 

(1) The lift atteudant operates a car switch lever which, on the second notch, 
causes the doors to close and the lift to start- On moving tie switch back to the 
first notch, the car stops at the next landing and the doors open automatically. 
Acceleration, retardation, and levelling are effected automatically. An automatic 
flash lamp may be used to indicate to the attendant the proper moment for putting 
the car switch to ‘ stop.’ 

(2) The car may be stopped as a matter of routine at each floor in its ‘ local ’ 
zone : or it may be stopped only on demand, the attendant relying upon his memory 
or ‘ storing ’ the demands on a series of press-buttons which then stop the car auto- 
matically at the desired floors. 

(3) Incoming calls from waiting passengers, who simply press the ‘up ’ or ‘down’ 
button on their landings, cause the nearest approaching lift to stop automatically, 
or give a signal to the attendant who stops the car as at (2) above. 

(4) Eeversing gear is actuated automatically at each end of the car travel, and 
the car can he stopped anywhere by putting the car switch ‘ off.’ 

(5) In order to maintain a regular ‘ headway ’ ox time -interval between lifts, start- 
ing signals are given to the attendants manually hy a despatcher or automatically 
by a timing mechanism. 

(6) A car operated by an attendant during rush hours may be called and operated 
by passengers themselves, on the press-button system, during slack hours. The speed 
of running is generally reduced automatically in the latter case. 

(7) In order to eliminate contacts in the lift shaft for automatic stopping, steel 
plates may be used which induce currents in corresponding coils mounted on the lift 
car and actuate, through amplifying valves, the relays controlling the cottta.ctors in 
the switch room. 
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The circuits required for these and similar purposes are intricate 
hut they operate satisfactorily in practice ; indeed, it is only I ’ 
some such means that adequate lift service can be given in lar/ 
and lofty buildings. ^ 

Lift car doors in this type of installation are commonly of the 
centre-opening sliding type operated by electrically-controlled com- 
pressed air cylinders- The outward-opening type is objectionable 
if not dangerous, to waiting passengers. The average speed of a 
lift is materially affected by the time occupied in opening and 
closing the doors and, as a little observation will show, some types 
of levelling gear and door mechanisms are very sluggish in action 
On the other hand, a fast-moving door may injure a trapped 
passenger hy its own inertia, notwithstanding automatic safety 
gear. Rubber edge-flaps as used on the sliding doors of ‘tube’ 
railway carriages might be fitted advantageously on all lift doora 

Brakes . — A brake is always essential to an electric lift, and 
must fulfil the dual function of bringing the lift to rest quickly 
and without shock ; and maintaining the lift in a stationary posi- 
tion during loading and unloading. The commonest type is the 
* magnetic’ brake. The flange coupling between the motor and 
first driving gear is provided with a flange on which two shoes, 
suitably lined, are pressed by the action of a spring. The brake 
shoe arms are also connected to the plungers of a magnet energised 
from the line, so that the shoes are pulled ofl* when current is sup- 
plied to the motor, and are automatically applied when the current 
supply is interrupted. This brake is automatically applied in the 
event of any interruption to the supply, and is therefore generally 
fitted in addition to any other form of braking not inherently in- 
cluding this feature. It is the commonest type of brake employed, 
and is a comparatively simple design, with certain action, on T.C. 
supply. A.C. magnet brakes are more difficult to design for equally 
effective operation and many types have been evolved, including 
a small motor designed to remain across the line with the rotor 
stalled, and long-stroke types with dashpots to secure steady clos- 
ing. Variable reactance in the magnet circuit has also been used 
to produce a gradual application of the brake as the car switch is 
moved towards the ‘ off’ position. One disadvantage of AG. brakes, 
and, in fact, of all A.C. control gear, is the tendency to ‘hum.’ 
Copper oxide rectifiers have been used to provide D.C. for brake 
and control gear in some A.C. lift installations. 
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Dynamic Braking is sometimes incorporated in D.C. installa- 
tions, tlie simnt field of the motor being connected to the line and 
partially or fully energised therefrom, while the rotating armature 
is shunted by a resistance. The motor then operates as a genera- 
tor and the energy of rotation is dissipated as heat, the armature 
experiencing an opposing torque during the energy transformation. 
This system alone will not bring the lift to rest, particularly if the 
load is overhauling, since the torque diminishes continuously with 
reduction of speed, but it materially reduces the speed and thus 
facilitates smooth stopping by a magnet brake. 

On A.C. systems a similar dynamic braking effect can he pro- 
vided where a two-speed motor forms the driving unit. The low- 
speed winding is connected to the supply while the motor is running 
above the synchronous speed of this winding, causing the motor to 
act as a self -excited induction generator, returning energy to the 
line, and to experience a resisting torque until its speed falls to the 
synchronous speed of the low-speed winding. 

Lift Landing Gear , — If a lift car is to be brought accurately 
to rest, level with the floor landing, by manual operation of the 
controller, it is essential that the speed be reduced some time before 
the floor is reached. Even so, the car will often stop short of, or 
overshoot the landing; ‘inching* is then required to bring it to 
the correct level, and this places heavy duty on the switchgear, 
besides additional shock and bending on the hoisting ropes. The 
higher the speed of travel of the lift, the greater the difficulty in 
securing accurate landing by manual control, and the niore serious 
the decrease in average speed resulting from retardation in prepar- 
ation for stopping, and loss of time in ‘inching* up" or down to the 
floor level. 

Various methods have been devised for stopping the ear 
automatically at the correct level, and the use of one or other of 
these is almost essential to the efficient operation of high-speed 
lifts. 

The Westinghouse automatic ‘ inductor ’ system of control uses inductor plates 
mounted on the counterweight guide rails to actuate slowing-down and stopping 
inductor switches mounted on top of the lift oar. There is no mechanical contact 
between the fixed plate and travelling switch, but when the latter comes in front of 
the inductor plate the switch magnet is attracted, thus opening a relay circuit. 
Though the liftman can, at any time, assume complete control, the car is normally 
put under the control of the automatic gear as it approaches the floor at which it is 
to stop. The first and second slow-down inductor plates then reduce the car speed 
in two stages, and the stopping inductor plate brings it to rest. 
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In some systems 'automatic levelling’ or 'micro levellb ’ * 
provided, i.e, the lift is stopped level with the floor and this fevel 
is maintained, notwithstanding elastic stretching or contraction of 
the ropes due to increase or decrease in the total load or differences 
in the amount of braking applied under different conditions of load 
and running. In other cases ‘automatic landing’ is provided i 
the car is stopped level with the floor, but any subsequent changes 
in level are not corrected. Both systems are widely used. 
matic or micro leveUing is very desirable as the main consumption 
of energy is in accelerating the car from rest. False stops are 
eliminated, together with their associated ‘corrective’ restarting 
which, apart from being unpleasant and irritating to passengera 
wastes time and energy and increases wear and tear. One method 
employed consists in attaching the housing of the main magnet 
brake to a worm wheel shaft driven by a small auxiliary motor and 
worm. The main brake shoes operate normally, but if the levelling 
is inaccurate when a normal stop is made contacts in the neighbour- 
hood of the landing are closed by the car, starting the auxiliary 
motor and causing it to drive the main motor shaft through the 
m^in brake blocks acting as a friction clutch, until the exact level 
is reached. Subsequent loading and unloading of sufficient 
magnitude to alter the stretch of the ropes are similarly dealt with 
so that the platform level is maintained. Operation of the main 
motor disconnects the auxiliary motor. Threshold lighting, to show 
passengers the " step,’ is unnecessary where automatic levelling is 
in use. 

798 . Goods Lifts. — Much that has already been said concern- 
ing passenger lifts is applicable to goods lifts, particularly as regards 
the general arrangement, method of drive, control, etc. The car 
is obviously of simpler construction than for a passenger lift, and, 
in general, the running speed is lower, particularly in cases of small 
total travel. The choice of control, whether handrope, car switch, 
or push-button, will depend entirely upon the service required, 
while the addition of such refinements as automatic levelling will 
depend upon the nature of the loads to he carried and the preci- 
sion and care with which they must be handled. In general, the 
suitability of the car and loading arrangements for the loads to be 
handled is of ^eater importance than the provision of high speeds; 
and a much wider range of loads is met with than in passenger 
lifts, ranging from about ^ cwt. in ' service lifts ’ to several tons 
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for large industrial lifts. Typical data are giv^^iji^ble 171, 

700. Estimation of Lift Capacity Required.-L:-i;^j!i^^£<^ 
.roods lifts, this is comparatively simple, being mainly cteadda-by 
the inaxiinum load it is desired to transport and the speed of 
hoistinv required. For passenger lifts, however, this is a matter 
of oreat difiSculty, particularly in the case of office lifts. Where 
an^offiee building accommodates a large number of workers with 
different times of arrival and departure, there will be periods of 
rush traffic which will decide the lift capacity required. Pro- 
nounced peak loads also occur in the services for shops, stores, 

and restaurants. _ 

In o-eneral, it is preferable to install several lifts ot small 

capacity rather than one of large capacity, owing to the greater 
flexibility obtained and the increased speed at which traffic may 
be handled. In lofty buUdings it is good policy to reserve one 
or more lifts for ‘ express ’ service, stopping only at floors in the 

upper half of the building. ^ 

The maximum traffic capacity is greatly increased if the 
winding en^ne operates with the maximum permissible rate of 
acceleration and is adapted for automatic floor levelling. Correct 
location of the lifts in relation to the disposition of the offices is 
also a matter of importance. It is usual to allow about 2^ to 3 
sq. ft. of floor area in the car per passenger. 

A valuable paper by Marryat * includes a reasoned treatment 
of the question of lift capacity and presents an empirical formula 
from which the lift capacity may be estimated for London offices 

or similar service. i j 

An average of one stop per 42 ft. of lift travel may be allowed, 

together with a total delay at each stop of 12 sees. From these 

assumptions 

The time of one circular trip (up and down) 

60 12 
^ B 42 

= secs., approx., 

where T — total travel of lift in one direction, in ft. ; 

R =s running speed of the lift, in ft. per nxin. ; 

and the number of circular trips p er hour is then 3 600 / 8. 

• ‘ Eleotrio Passengei lifts,’ H. Marryat, Jow. Vol. 62, p. 328. 
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Marryat's formula (loc, eit.) is — 

Lift capacity (number of passengers) required in a Loudon 
office building — 

where A = rental floor area above first floor, in thousands of square feet. 

ISr ^ number of circular trips per lift per hour, inclusive of stoppages, computed 
as above. * ^ ^ 

L = the number of lifts installed. 

This provides for carrying a maximum traflde of 9-6 persona 
per hour for every 1 000 sq. ft. of rental floor area above the first 
floor, all in one direction. 

The procedure is to estimate the total peak traffic to be 
{i.e. 9-6^) ; the number of circular trips per lift per hour, i.e. M 
assho-wn above; the frequency of service required, i.e. choosing 
a value of L ; and then to calculate from the formula the number 
of persons to be provided for in the lift. Should the calculation 
require too large a capacity, a greater number of lifts should be 
provided, 

ExAMPHiE. — Suppose that an eight-story building has 80 000 sq. ft. of rental floor 
area on the sis floors above the first floor. The maximum traffic to be handled 
would be about 9*6 x 80 or 768 persons per hour. Suppose that a lift speed of 400 
ft. per min, be adopted, that the total height of travel is 100 ft., and that there is 
a stop causing 12 secs, delay every 42 ft. of travel on the average. Then the time 
per round^ trip is : 0*57 x 100[(210 + 400) / 400] = 87 secs., or 2 600 / 8T « 41-4 
circular trips per hour. Two lifts would probably give an adequate service, and the 
capacity of each would have to be 768 / (2 x 41-4) = 9*27, or, say, 10 persons. 

If lifts hold more than 10 persons, or are not well proportioned 
.and arranged as regards doors and landings, the delay at stops may 
exceed 12 secs, average, inclusive of accelerating and decelerating. 

The effect of the stop delay is to decrease the extra saving 
arising from the use of higher speeds as the speed increases — see 
curve A in Fig, 389. With terminal stops only, curve A changes 
to curve B, other factors remaining constant, which shows the 
advantage of non-stop (‘ express 0 lifts in high buildings. The 
dotted curve O corresponds to the limiting case of constant speed 
throughout with no delays, a condition which is unobtainable in 
practice because some time must be allowed for loading, accelerat- 
ing, retarding, and unloading. The advantage of eliminating in- 
termediate stops is shown more clearly perhaps by comparing curve 
h with curve a, these curves showing the relative passenger-carrying 
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capacity per horir at various speeds, taking the capacity at 300 ft. 
per min. as 100 in each case ; and the curves a, h corresponding to 
A, B respectively. 

In lofty buildings, higher average speeds can be obtained, and 
at lower costs, by eliminating intermediate stops than by raising 
the running speed. 

800. Typical Lift Installations. — Table 171 and Fig. 390 are 
based on data kindly supplied to the authors hy Messrs. Marryat 
& Scott, Ltd. (London). The data relate to a selection from the 
passenger and goods lifts installed by that firm, and are a useful 



iPiG. 389. — Sh.o’wing efiect of stop-delays in limiting the advantage derived from 

higher lift speeds- . 


guide to recent practice. It must be clearly understood, bowever, 
that they do not necessarily represent the best results that could 
now be obtained in a new installation. 

801. Ener^ Consumption of Lifts. — As with other forms of 
transport, it is difficult to give any precise data on the energy con- 
sumption, since the conditions of load and service vary so much 
between different installations and are never constant in any one 
installation. Average values over long periods of time are of some 
value, but, while an exact record of actual energy consumption can 
be taken, it is seldom practicable to keep a corresponding census of 
tbe loads carried, particularly in passenger service. Consequently, 
no exact value can be determined for the overall efficiency. 
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{By GourUsy of Messrs. Marryat S Scotty Ltd.) 
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Cathedral Tower (London) 16 12 360 190 400 3 ph. 60 25 V.S. 0 S 

Police station . . . lOf 8-9 150 70 380 3 ph. 60 10 S.K. Dual 

Hospital stretcher lift . 10 8 90 38 400 3 ph. 60 6 S.E. P B 

Stores . . . . 6 4-6 I 80 I 16 110 3 ph. 60 24 J S.K. P.*B. 
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H. 0. Crews * gives the following consumption data for lifts on various kinds of 
service : — 

TaJl office building, very busy 1 100 kWh per year. 

Busy office block 614 „ 

Hospital bed lift 404 „ „ ” 

Busy 15-e-wt. lift in residental block .... 666 ,, „ ’’ 

Clothes warehouse, busy 563 „ ,, 

Cotton warehouse, goods only 365 „ ,, 

H. Marryat t gives the average annual consumption of 50 electric lifts in 
Westminster (liondon) as 1 060 kWh, including that , used for car lighting. 



Fig. 390. — Energy consumption of electric lifts. 


For estimating purposes, the chart in Fig. 390, reproduced by 
courtesy of Messrs, Marryat & Scott, Ltd., is useful. 

To obtain the number of circular trips per kWh : — 

(1) Multiply the load (cwt.) by the travel (feet) and find this point on the 
horizontal scale, dividing the product hy 10, or 100, etc., to bring the point within 
the range of the horizontal scale. 

(2) Move vertically to the appropriate curve. 

(3} Then move horizontally to the vertical scale, and take the reading ; dividing 


* Jour. Vol. 62, p. 346. 

t In a paper before the Association of Supervisory Electricians, 1916. 
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by 10, or 100, etc., where this has been done in (1). The result is the number of 
circular trips per kWh for the particular fraction of load concerned. 

Example. — W ith a load of 30 cwt. and a travel of 100 ft., what is the number of 
circular trips per kWh at full load? 

(1) 30 X 100 = 3 000. Divide by 10 to bring the value within the scale, giving 

300. 

(2) From 300 on the horizontal scale move vertically to the * full-load’ curve. 

(3) Move horizontally to the vertical scale, reading 31’8. Divide this by 10, 
which was the divisor used in (1), giving S‘18. 

Then 3*18 circular trips can be made per kWh at full load with a load of 30 
cwt. and a travel of 100 ft. 

802. Electric Stacking Machines — These are really portable 
electric goods lifts. A low trolley frame on wheels carries an electric 
motor and suitably driven winding drum, together with a vertical 
framework up which the lifting table is raised by ropes passing 
from the winding drum over head pulleys and down to the table. 
Connection is usually made by trailing cable to conveniently placed 
power plugs and an automatic magnet brake is £tted to maintain 
the table and load in position when the current supply is inter- 
rupted or fails. 

Loads up to about 1 ton are regularly lifted over heights up to 
20 ft. at speeds ranging from 60 to 80 ft. per min. 

803. Conveyors. — Tor many continuous manufacturing opera- 
tions, loading and unloading, cleaning of materials and the like, 
there is a great variety of ‘ conveying machinery ’ in use by which 
material and articles are pulled, pushed, or shaken along or lifted 
on straight paths. The arrangement of such devices is purely of 
a mechanical nature and any convenient form of power drive may 
he employed. For permanent installations, in factories and ware- 
houses, electrical drive offers many advantages over other methods, 
being flexible, convenient and clean, and providing any desired 
devices for the safe and efficient control of the mechanical equip- 
ment. Interlocking devices may he readily installed, ensuring the 
starting-up of the components of a complicated system in any pre- 
determined sequence and providing for the stopping of the whole 
installation in the event of failure of any member of the installa- 
tion. The variety of the mechanical installations and the wide 
range of work dealt with are such that no useful data can be given 
regarding the power consumption of their electrical equipment. In 
most conveyor installations the greater part of the total load is the 
frictional resistance of the conveyor itself and this varies indefinitely 
with the design, construction, and dimensions. 
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Vertical-Conveyor Hoist . — For dumbwaiter service in tat* 
crockery, food, etc., to and from various floors of a restaurant ^ 
hotel and the kitchen, a special type of continuous hoist mav 
used consisting of two vertical chain conveyors. The chains ^ 
slats, and the faces of two conveyors form the sides of the lift 
At intervals on each chain there are angle-iron brackets The 
brackets on the two chains are opposite to each other and the tra 
rest upon them. On arrival at the kitchen, trays are shifted on to 
a horizontal belt conveyor by a rotating arm. In a particular case 
a 5 K,F. 850 r.p.m. geared motor drives a hoist of this type serving 
6 floors. An emergency stop button is provided at each floor 
When the conveyor is running reversed to deliver food, the stoppW 
floor is selected by a press-button switch in the kitchen. ^ 


804. Escalators. — The escalators or moving stairways, now 
used in many underground railway stations instead of lifts, consist 
essentially of endless chain conveyers with steps attached to the 
links. In recent installations the steps are of steel plate with 
wooden tread and riser, and are carried between two main driving 
chains, the diiving sprocket being driven, through worm and 
chain reducing gear, by a D.C. compound-wound interpole motor 
with speed variation by field control Each step is mounted 
on a four-wheeled carriage, the two front wheels being on rails 
of a narrower gauge than those which carry the two rear 
wheels. At the top and bottom landings the two sets of rails are 
in a horizontal plane, and the steps therefore form a moving hori- 
zontal platform. At the commencement of the rise, in the case of 
an ‘ up ’ escalator, the inner rails are carried forward horizontally, 
for a distance equal to the wheelbase of the step carriages, from 
the point at which the outer rails commence to rise. Thereafter 
the rails rise, parallel to each other, at the inclination of the stair- 
way. The effect of this is that the moving platform ' generates ’ 
steps as the rails change from the horizontal to the incline. The 
top of each step remains horizontal throughout the rise, and the 
rise of each step disappears as the tread comes level with the top 
landing. The front of each step is curved to maintain close con- 
tact with the back of the next one throughout the stairway ; and 
the back of each step is undercut to admit the front edge of its 
neighbour when the carriages are returning, inverted on the under- 
side of the escalator,. of the latest escalators have roller 

bearings throughout^ 'jWith . th,e' .exception of ^hakelite step-wheels 
with graphitised bores. ; 
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An escalator installation comprises at least two stairways, one 
ninning upwards, the other down. A third, stationary stairway 
nlaced between the escalators provides economically for those who 
dislike moving stairways and, at the same time, it employs usefully 
a clearance space which greatly facilitates the installation and 
maintenance of the escalators. In stations with heavy 'rush’ 
traffic, one way in the morniig and the opposite way in the evening, 
it is advisable to install ' up ’ and ' down ’ escalators and a reversible 
escalator between them. The central escalator can be used as 
a fixed stairway during periods of light traffic, and as either an 
‘ up ’ or a ‘ down ’ escalator during ' rush ’ periods. 


Table 172 . — Power to Drive Escaldtors. 


Rise of Escalator. 

Ft. 

Sloping Length of 
Stairway.* 

Ft. 

Horse-power of 
Main-drive Motor -f 
E.P. 

28 

63 

30 

30 

67^ 

— 

32 

72 

30 

34 

76i 

30 

38 

86^ 

40 

42 

94^ 

40 

54 

122 

60-65 


♦Inclination to horizontal = 26° (approx.). 

fTwo motors (one being spare) of this H.P. for each * up ’ or * down ’ escalator. 

The slope of the inclined portion of an escalator can be varied 
within considerable limits ; generally, it is about 25° to 30° to the 
horizontal. The principal limitation to the slope is the danger of 
passengers being subject to giddiness when looking down a long 
escalator ; also, the slope must not be such that a passenger who 
slips or falls is in any danger of rolling. With a slope of 25°, the 
length of the incline is 1 / sin 25 = 1 / 0*4226 = 2*366 ft. per ft. 
of rise. Table 172 gives typical data based on some of the escalators 
in London railway stations.^ 

The estimation of the power required to drive escalators is 
discussed helow. In making these calculations it is , advisable to 
err on the side of liberality owing to the serious consequences of 
motor breakdown in this service. Also, the starting eflfort de- 
manded by an escalator is high (the total length of the escalator 
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chain being often 250 to 300 ft. or more) ; and, in the case of a 
reversible escalator, the frictional losses are temporarily increased 
considerably by the reversal of the direction of travel. 

Though the speed of lifting of an escalator is relatively low 
(90-150 ft. per min. on a slope of 30° corresponds to a lift of 45-T5 ft 
per min.), the machine is continuously in motion and completely 
eliminates the time lost in waiting for, loading and unloading lifts. 
It effects a great reduction in the station staff required, and it 
deals continuously with even the heaviest traffic without causiiig 
any serious reduction in the rate of flow. 

If the height of each step he 9 ins., the rate of lift 45 ft./min., and each step be 
occupied by one passenger, then 45 x 12 / 9 = 60 passengers per min. or 3 600 per 
hr. are carried. Daring rush hours many of the steps are occupied hy Wo people 
and there is generally a line of people walking up one half of the moving stairway, 
thus further increasing the maximum traffic capacity. 

An escalator of 40 ft. lift with 9 -in. steps may carry 2 x 40 x 12 / 9 or, say, 
107 persons at a time (two on each step). To Mft this load at the rate of 45 ft./min. 
allowing 150 lb. per person, requires theoretically 107 x 150 x 45/83 000 = 22 H.p! 
With an overall mechanical efficiency of 55 °/o, a motor of 40 H.P. would be large 
enough, bearing in mind the fact that the escalator would never he loaded to this 
extent for long at a time. If the mechanical efficiency were 70 °}^ under full-load 
conditions a 22 / 0*7 = 31*5 H.P. motor would suffice, hut the margin afforded by 
a 40 H.P. machine is reasonable for this service. 


The longer the escalator, other factors being constant, the higher 
the H.P. of the motor required, for, although the rate of delivery 
of the passengers be constant, they are raised through a greater 
height at the same rate and the H.P. is therefore proportionately 
increased. Actually, the mechanical losses are also greater in 
longer escalators. 

Allowing an average weight of 150 lb. per person, the H.P. 
required to drive an escalator may be estimated from the formula : 

N X 150 X H NH , 

“ 33 000 X ^ Wn (1) 

where N = number of persons carried per min. 

~ (the symbols jp, d, r having the meanings [given below). 

H = height of lift, in feet. 

n = overall mechanical efficiency (as a decimal, not per cent.). 


Alternatively, the horse-power may be calculated from — 


F.P. 


pxnx 150 X d _ pnd 
33 000 X 7} 220^ 


horse-power, 


400 


(2) 
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where - number of persons per step. 

n = number of steps on the sloping part of the escalator 
= 12H/?-. 

H = height of lift, in feet =s= I . sin d. 

I = length of slope of escalator, in feet. 
r — rise of step, in inches. 
d = rate of lifting, in ft. /min. 

= V . sin 0. 

Y = rate of travel of escalator, in ft./min, 
e = angle of inclination of stairway to horizontal, in degrees. 

Tj = overall mechanical efficiency (as a decimal, not per cent.). 

Choice hetween these formulae is purely a matter of convenience. 

ExAMPiiUS. — (1) Suppose an escalator runs at 90 ft./min. on a slope of 25° 
through a height of 40 ft. ; the height of each step being 8 ins. and the width 
sufficient to accommodate 2 persons ; and the overall mechanical efficiency 0-65. 

The rate of lifting = rZ = V . sin 5 = 90 sin 25 = 90 x 0*4226 = 38 ft./min, 
(approx.). 

The number of steps in the escalator = n = 12 x 40/8=: 60. 

The number of persons carried per min. = hT = 12^d/r = 12x2x38/8 = 114. 

Using formula (1) : H.P. = (114 x 40) / (220 x 0*65) = 81*8 horse-power. 

Using formula (2) : H.P. = (2 x 60 x 38) / (220 x 0*66) = 31*8 horse-power, 
as before. A 40-H.P. motor would probably be chosen, 

(2) An escalator runs at 180 ft./min. ; slope 30° ; height 90 ft. ; mechanical 
efficiency 0*75 ; r = 8 ; jp = 2. Then d = 90 ft./min. ; n = 185 ; N = 270 j and 
H.P. = 147, 

Most of the power consumed by an escalator under average 
traffic conditions goes to drive the escalator itself. The overall 
mechanical efficiency may be in the neighbourhood of 65 to 75 7o 
when the escalator is fully loaded, but this condition is fulfilled 
only under exceptional circumstances and then only for a short 
time. It is doubtful whether any escalator actually carries more than 
half its traffic capacity in any single hour ; and 10 to 15 7o about 
’the average daily utilisation factor, i.e. 720 to 1 080 passengers 
pr hr. for an escalator capable of carrying 7 200 per hr. with two 
persons on each step. At such low loadings the overall efficiency, 
reckoned on the passenger load carried, is relatively low, hut the 
escalator may still be the most advantageous method of dealing 
with the traffic, owing to its continuous availability, virtual 
elimination of labour cost, and instant capability of dealing with 
rush traffic. How little the average passenger load affects the 
energy consumption is shown by the fact that, during certain 
tests, with traffics ranging from 250 to 500 passengers per hr. 
each way, the power consumption was about 9*6 kW for the 
‘down' and 10*8 kW for the ‘up' escalator, or say 12^ 7o ^ore 
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for the up than for the down traffic. With a heavy ‘ down ’ load 
an escalator may consume little or no current, hut it is g-enerall 
not worth while to make any provision for regenerative braking ^ 
Allowing' 150 lb. per passenger and assuming the escalator itself 
to be perfectly balanced, the energy consumed per 100 passengers 
per ft. rise is given theoretically by 

100 X 150 X 1 / 2 656-4 (§ 52, Vol. 1) = 5-05 Wh approx 

Actually, the consumption is higher, owing to the energy required 
to drive the escalator itself, and the Wh per lOO passengers per 
ft. rise increases rapidly as the number of passengers per hr 
decreases. The figures in Table 173 may serve as a general 
guide. 


Table 173. — Energy Consumption of Escalators. 


No. of Passengers 
per Hour. 

Wh per 100 Passengers 
per Ft. Rise. 



5*66 (theoretically) 

1 600 

20 to 25 

1 000 

30 to 35 

750 

35 to 45 

500 

60 to 60 

250 

100 to 120 


It is generally convenient to place the driving motor of an 
escalator in a chamber below the top landing, gearing it down to 
the end sprocket of the escalator chain through a double-reduction 
worm and spur or chain gear. The total reduction required between 
a 450 r.p.m. motor and a 90 ft./min. escalator is about 39 : 1. In 
the case of very long escalators, it may be advisable to place a 
second driving sprocket about half way down the tunnel, con- 
necting this mechanically to the top drive by a propeller shaft 
with bevel gears at each end. In view of the importance of 
continuity of service, two motors may he installed, one being 
supplied with current while the other is driven idle hut ready 
for immediate service ; with modern plant this precaution is 
hardly necessary. One or two idler sprockets, meshing with the 
escalator chain and kept ‘ floating * by a compression spring, 
relieve the driving sprocket of one-half or two-thirds of the weight 
of the escalator. Chain drives from the main sprocket shaft 
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actuate the moving handrails and landing ‘shunts ’ (if any). 
The mo\dng handrail is an obvious necessity, and consists of a 
reinforced rubber band driven by friction wheels. A landing 
‘shunt" is required only if passengers leave the escalator at the 
side ; it now generally consists of a hardwood skirting board 
arranged diagonally across the end of the landing ; sometimes it 
consists of one side of an endless rubber belt running round end 
pulleys with vertical axes. In either case, the ‘ shunt ' helps to 
scrape passengers off the escalator should they remain on it until 
the ‘shunt’ is reached. The latest escalators generally discharge 
passengers straight ahead, a metal comb then taking the place of 
the shunt. To provide for rapid stopping in case of emergency, 
switches, placed behind paper discs in boxes at each end of the 
escalator may be arranged to trip the motor circuit-breaker by 
means of the no-volt release. 

The cleat-type escalator uses a lighter type of stairway, with 
wooden treads attached to a chain instead of the relatively heavy 
carriages employed in a step-type escalator. The angle of rise of a 
cleat-type escalator is generally about 25° to the horizontal. In a 
certain case a 24-in, cleat escalator driven at 90 ft. per min. by 
a 12 H.P. motor raised 3 400 people per hr. through a height of 
25 ft. Assuming an average weight of 150 lb. per person, the use- 
ful work done = 3 400 x 150 x 25 ft. -lb. The energy expended 
~ 12 X 33 000 X 60 ft.-lh. Hence the mechanical efficiency = 
100 (3 400 X 150 X 25) / (12 x J33 000 x 60) - 53*6 %, assum- 
ing the motor to be fully loaded. 

Though the principal application of escalators will probably 
continue to be in underground railway, stations, their use should be 
considered wherever a continuously available means of transporting 
a variable passenger load through a small or medium height is 
required. 

805. Lifting Magnets and Allied Apparatus.— The magnetic 
properties of a solenoid find many practical applications. The use 
of magnets in control apparatus for the operation of switches, relays 
and the like, are dealt with in Chaps. 15, 16, Yol. 1, and the present 
notes are confined to the heavier types of electromagnets which 
operate as lifting magnets proper or in a comparable capacity. These 
include lifting magnets replacing mechanical hooks and slings ; 
magnetic chucks as machine tool accessories ; magnetic clutches, for 
the connection and disconnection of driving and driven machinery ; 
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aud magnetic separators, for the separation of the magnetic and 
non-magnetic components of a mixture. 

Lifting magnets are used with cranes of all types for the liftino- 
of magnetic iron and steel. They are merely powerful electro- 
magnets of appropriate mechanical and electrical design, and they 
offer many advantages of convenience and speed over the use of 
slings when loose material or awkwardly shaped articles are to te 
handled. Ferrous materials which are non-magnetic, such as man- 
ganese-steel, hot invar steel, and other non-magnetic alloys, cannot 
be held by a magnet. 

The other applications of electro-magnets, such as to chucks 
clutches and separators, involve different mechanical arrangements 
adapted to their particular purposes, but the basic principles are 
the same in all cases. Notes on these applications are given in 
§§ 807 - 809 . 

806. Lifting Magnets. — The outstanding feature of the lifting 
magnet is that it dispenses with the use of slinging devices. This 
saves time and labour in securing and releasing the load and thns 
enables the crane performance to he increased. There are other 
advantages, such as the ability to deal with work of irregular or 
awkward shape, or in a condition where handling would otherwise 
be difficult, e,g. hot metal ; also the possibility of ‘ fishing ' for, and 
securing, articles under water without the aid of divers. Loose 
material, such as heaped scrap, can be lifted economically hy meam 
of a magnet, provided that there is no risk of damage by material 
which may fall from the outside of the ‘ cluster ’ in transit. 

Direct current is required for the excitation of lifting magnets, 
but where sufficient work is available for a lifting magnet, it will 
frequently prove advantageous to install a motor-generator for the 
necessary conversion from A.O. to D.C. 

Essentially, a lifting magnet comprises a winding, or windings, 
arranged with suitable poles and a magnetic circuit, the whole being 
constructed very robustly to withstand rough handling. The pole 
arrangement is influenced by the nature of the load. Three main 
types are in use : the circular, in which an annular coil is disposed 
between a solid centre pole and an outer annular pole ; the rect- 
angular type, and the bipolar type. The circular pattern is best 
adapted for handling loose metal and scrap, and for general work; 
the rectangular type is more applicable to the lifting of plates and 
sheets ; and the bipolar type is specially suited to dealing with long 
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narrow objects, such as section bars and billets. Two circular-type 
magnets may be attached to the extreme ends of a triangular 
support, which is suspended from the crane hook at its apex, and 
this combination forms a useful device for the handling of large 
plates or sheets. 

A peculiarity of lifting magnets is that the load which can he 
lifted by a given magnet and power depends on the mechanical 
nature of the load or, more particularly, on the presence of air-gaps 
in the material to be lifted. The presence of even the smallest air- 
gap reduces enormously the total flux obtained from a given winding 
and given current. The maximum load under given conditions can 
be carried when the load is a solid piece of material, such as a 
billet, bar or single plate, the surface of which makes close contact 
with the pole pieces. Any surface irregularities much reduce the 
load which can be retained on the magnet face. Thus, a given 
magnet will lift a smaller weight of pig iron than it will of rolled 
sheet steel, and yet again a much smaller weight of scrap, turnings 
or plates, apart from any influence of the actual magnetic perme- 
ability of the metal lifted. 

The figures in Table 1T4 indicate the approximate carrying 
capacity of lifting magnets at various power consumptions : — 


Table 174 . — Capacity of Lifting Magnets, 


Power Con- 
samption.. 
kW. 

Net Weight 
of Magnet. 
Lb. 

Approximate Carrying Capacity, in lb. 

Pig Iron and 
Forging Waste. 

Turnings or 
Shot. 

Small Pieces. 

Massive 

Blocks. 

1 

450 

110 

176 

300-400 

4 000 

3 

2 000 

460 

850 

1 000-2 000 

18 000 

5 

3 100 

650 

1 200 

1 600-2 800 

32 000 

7-5 

4 400 

1 000 

1 650 

2 200-3 300 

60 000 


A rough general guide is that magnets will hold up to about 5 lb. 
per watt consumed, for solid loads. Small magnets are relatively 
more efficient than large ones, by reason of the greater mechanical 
strength required in the larger sizes. For loads of a solid nature, 
magnets may be estimated roughly on the following lines : — 

Small magnets will carry up to 20 times their own weight ; 
Medium sizes, say up to 3 ft. dia., 10 times their own weight; 
Large sizes, say up to 5 ft. dia., 5 to 7 times their own weight, 
and about 10 % of these loads can be handled where scrap is lifted. 
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The load which, can be directly supported on a magnet is given by 
W = AB^I12‘1Z X 106, 
where W ~ load supported, in lb. per pole. 

A = pole face area, in sq. in. 

B = flux density in the pole, in lines per sq. in. 

The total flux N is AB and the flux in the object lifted may be taken as that ’ 
air-gap. A leakage coefficient of 1-S5 may be assumed, and the flux density in tb 
body is then 1-25 Nfa, where a is the body area (perpendicular to magnetic path! 
in sq. in. * <= P ) 

With a flux density of 80 000 lines per sq. in. (magnet steel) a load of 3 tons c 
be carried by a circular magnet of the following pole face dimensions ^ 
Dia. of central pole, 7 in. 

Internal dia. of outer pole, 15 in. 

External „ „ „ ,, 16| in. 

It is usual to cover the pole faces by a thin sheet of non-magnetic 
material (brass) to prevent the sticking of small particles, and ensure 
instantaneous release of load when the magnet switch is opened 

Some means must be adopted to protect or ‘ armour ’ the field 
winding against the roughest of handling and yet to provide sufficient 
cooling. One effective method is to employ an aluminium winding 
(giving lightness) in which the insulation between turns and layers 
is provided only by the oxide film on the strip. This provides 
sufficient insulation for the low potential difference between the 
ac^acent turns and is conducive to good cooling by maVing the 
winding practically solid metal as regards the conduction of heat. 
Air passages may be provided around the winding with vents 
through the top of the magnet casing, to assist in carrying away 
the heat. Sometimes forced ventilation is provided by the in- 
corporation of a self-contained electric fan. 

Drum controllers are commonly used for the operation of lifting 
magnets, with a demagnetising notch to ensure a quick release of 
the load. Where a variation in the lifting capacity is desirable, the 
controller may be arranged to provide a variable current. It is 
thus possible to pick up a number of plates one at a time and one 
below the other, and to release them one at a time. This enables 
plates to be collected from different parts of the shop and to he 
deposited at different machines at will with a minimum of time and 
labour. 

The follovsdng particulars indicate the possibilities of a lifting 
magnet in submarine salvage work : A 36-in. dia. magnet, weight 
10 cwt., and taking 18 A at 220 V, averaged 6 cwt. per lift in 
salvage from a dock with water 20 ft. deep. About 100 tons of 
material was hoisted in 5 days. 
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807- Magnetic Chucks. — ^Magnetic clmcks are among the 
most useful of machine tool accessories. Their use often enables 
clamps to be dispensed with, thus saving time and labour ; and they 
afford means of securing small and thin articles of iron and steel 
where mechanical methods of fastening would be inconvenient or 
impossible. Furthermore, the elimination of clamps enables a 
larger number of articles to he accommodated over a given area, 
a matter of importance in repetition work. 

The basic principle of construction is that the flat holding surface 
of the chuck is arranged to contain or consist of magnetic poles of 
opposite polarity, the poles being separated by non-magnetic material 
(usually brass or lead) to maintain a physically continuous surface. 
One or more magnet windings are contained in the body, and this 
steel casing, which is bolted to the machine table, or supported on 
the machine spindle in the usual manner, is arranged to form part 
of the magnetic circuit. With energy supplied to the windings, a 
leakage field is set up across the non-magnetic material separating 
the poles ; by suitable disposition of the pole pieces it is possible to 
cover most of the surface with this field. When a magnetic body 
is placed on the surface, provided that the contact area is suflScient 
to cover more than one pole, the fiux finds an easier path through 
the article, which then becomes attracted to the chuck surface like 
a magnet 'keeper.’ 

The face of the chuck may he circular or rectangular, according % 
to whether it is to he used on, or as, a rotating* face-plate or on the 
table of a machine having rectilinear motion. The energising 
magnet may consist of a single magnet or several magnets, accord- 
ing to the shape and size of the chuck ; several ' teeth ’ or poles may 
he energised from each winding, and their arrangement and shape 
are of infinite variety, adapted either for holding special work or 
for obtaining as uniform a magnetic field as possible over the chuck 
face. The space between adjacent parts of opposite polarity varies 
from to f in., according to the size of the chuck. It is essential 
that the working face be water- and oil-proof to enable the appliance 
to withstand the usual workshop conditions of usage. The magnetic 
windings are liberally proportioned so that heat is dissipated 
adequately hy conduction through the body and by radiation, for 
openings of any sort are inadmissible. 

Steel of higb permeability is used for the magnetic circuit, 
resulting in the establishment of the maximum flux density under 
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given conditions and enabling small poles to be nsed close Weth 
tending towards a uniform holding eiFeet over the surface T’ 
order that no adjacent parts of the machine tool, or surronndin 
iron or steel objects may become magnetised by the chuck, attentio^ 
is paid to reducing the stray field to a minimum, consistent with 
providing adequate holding power. 

Although the magnetic pull perpendicular to the holding surf^e 
is considerable, the resistance to movement parallel to the surface 
is much less, depending on the friction between the chuck face and 
the work. Probably not more than 25 % of the perpendicular 
force can be relied upon to resist sliding. This may be sufficient 
to resist the force of the wheel when taking the lightest cuts on 
thin material on a grinding machine, but it is generally insufficient 
to resist the ordinary cuts applied by metal cutting tools and in 
heavier grinding, or when deep articles are machined. Adjustable 
mechanical side and end stops are therefore usually provided on 
magnetic chucks. The current supply is taken through an 
armoured or suitably protected flexible cable in the case of a chuck 
bolted to a fixed or moving machine table ; and the controlling 
switch can be mounted in an accessible position on the machine 
frame. Where the chuck is to be used as a rotating plate, slip- 
rin^ and brushes are required to connect with the supply. Tbe 
excitation of magnetic chucks is necessarily by D.C., which may 
be taken from lighting circuits at any voltage from 50 to 250 T. 
For permanent use, magnetic chucks should be excited only at the 
makers’ specified voltage; too high a supply pressure will result in 
overheating and too low a value will produce a considerable loss 
of holding power. Under emergency conditions, a chuck may be 
excited at a voltage lower than its rated value, the only criterion 
being the adequacy of the holding force developed. On the other 
hand, if the supply voltage is higher than the rated value, a suit- 
able series resistance may be inserted in circuit ; the current 
coimumptiori of a chuck being low, the loss in the series 
resistance will not usually be of any great importance. 

Iron and steel articles held on a magnetic chuck will generally 
retain some residual magnetism after the chuck windings have been 
de-energised. This may result in some difficulty in removing a 
light or thin article from the face of the chuck ; and the article, 
when removed, may still be magnetised to an objectionable ex- 
tent. Means are therefore usually provided for demagnetising the 
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article after work on it has been completed For small chucks it 
is usually sufficient to incorporate a reversing connection in the 
supply switch : the procedure on removing work from the chuck 
is then to throw the switch over to the reversing position for a few 
seconds, when the reversed magnetism will remove the majority 
of the residual effects. To prevent misuse of the demagnetising 
position, the switch is generally arranged wdth a spring, against 
the pull of which it must be held while on the reversing contacts. 

A more efficient method, which must generally be employed for 
large articles, is to pass the work, after removal from the chuck, 
to and fro across a ‘ demagnetiser,’ which is an electromagnet 
excited by A.C. at any convenient frequency; the effect is to 
alternate the magnetism rapidly and leave no appreciable residual 
magnetism. 

There are certain restrictions in the use of magnetic chucks, 
apart from matters of ordinary workshop practice. The work 
must have a reasonably large flat surface in one plane in order to 
afford the necessary contact area, and, as a rule, the contact face 
should be a machined surface, as the presence of even the smallest 
air-gap seriously reduces the holding power of the chuck and, 
other things being equal, the force of attraction is proportional 
to the area of contact. For repetition work on pieces having no 
suitable plane face for mounting on the chuck, use can he made of 
specially shaped auxiliary top plates ; these are machined in thick- 
ness to the varying shape of the work, and are provided with 
inserts of high permeability, corresponding in size and position with 
the pole faces of the chuck. These inserts then act as magnetic 
continuations of the pole pieces of the chuck itself. 

Thin steel plate with the usual black finish may be held on a 
chuck for grinding the surface, if a suitable end stop be used, hut 
care must be taken that the work is not temporarily sprung by 
the chuck, or the ground face will not be flat when the work is 
removed from the chuck and the ' spring ' is released. 

For ceid-ain classes of repetition work, such as grinding the flat 
surfaces of piston rings, ball-bearing races, and the like, the 
horizontal table of the machine may be arranged as a special 
magnetic chuck which is temporarily rendered magnetic when 
passing over a definite area beneath the grinding wheel. The work 
may then be placed continuously and rapidly on the non-magnetic 
portion of the table, to be held automatically when passing the 

409 



§ 8o8 ELECTRICAL ENGINEERING PRACTICE 

wheel, and finally removed when re-entering the non-magnetic 
region. 

The average holding force of magnetic chucks ranges from 100 
to 200 lb. per sq. in of surface. Table 175 shows the power con- 
sumption of some representative sizes of chucks : — 

Table V7^— Power Consv^mption of Typical Magnetic Chuch 


CiTcular 

Chucks. 

Eectangiilar Chucks. 

Dia. Overall. 

Power Consump- 

Length x Width. 

Power Consump. 
tion. Watts. 

Ins. 

tion. Watts. 

Ins, 

6 

20 

8x5 

10 

12 

60 

10 X 4 

22 

18 

120 

13 X 54 

44 

24 

220 

27 X 12 

65 

30 

570 

34 X 

100 

36 

1 070 

40 X 14 

300 . 


8o8. Magnetic Clutches.— In principle, magnetic clutches are 
plate-t^e friction clutches in which the engagement of the driving 
and driven surfaces is effected by electromagnets instead of by springs 
or other mechanical means. The general arrangement is for the 
driving shaft to carry a fixed magnet disc, in which an annular coil 
is sunk in a groove and supplied with current through slip-rings 
and brushes. A circular spring steel plate is fixed to the driven 
shaft, with a steel ring secured to its outer edge. When the clutch 
is * disengaged’ there is a small clearance between the magnet disc 
and the steel ring ; but when the winding is energised, the steel 
ring is attracted towards the magnet disc against the pull of the 
spring plate, assuming a dished form until contact is made between 
the driving and driven friction surfaces. The face of the magnet 
disc is covered with a layer of friction lining which serves the dual 
purpose of providing a high coefllcient of friction and forming an 
‘air-gap’ between the magnet disc and its ‘armature.’ This ‘air- 
prevents sticking of the components when the current is 
interrupted and assures rapid disengagement under the action of 
the spring plate. 

The advantages of such a clutch are : (1) Operation can be 
effected by push-button or remote control from any distance, includ- 
ing automatic operation by a relay, a float switch or other controlling 
device, enabling machines to he started and stopped automatically 
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a€Cor(iin^ to demands ; (2) no mechanism is reqxiired for operation ; 
(S) the time lag in bnilding up the magnetic field, together mth the 
action of the friction surfaces themselves, provides a smooth engage- 
ment with gradual acceleration of the driven machine ; (4) the two 
friction members are held together hj mutual attraction, and there 
is therefore, no unbalanced end-thrust, such as arises from 
mechanical methods of engagement; (5) the force between the 
clutch components, and therefore the power-transmitting capacity 
of the clutch, is determined by the pull of the magnet, which is 
known in advance, is constant, and is independent of centrifugal 
force and the wear of links, pins and the like, since these are 
absent ; (6) the mechanical parts demanding attention are reduced 
to a minimum, and this fact, together with the smooth nature of the 
engagement, reduces the maintenance. There are also incidental 
advantages attending the use of a magnetic clutch, such as the 
elimination of mechanical controlling devices, e.g, unloading valves 
on pumps and air compressors ; and the possibility of employing 
squirrel-cage induction motors or ordinary synchronous motors for 
drivhg when a high starting torque of the load would otherwise 
render the use of these machines impracticable. Further, it is 
possible to provide for cutting out and re-starting one of two 
machines or groups of machines driven from one driving machine ; 
also, a master contact may be attached to a motor starter, which 
prevents the clutch being energised before the motor is connected to 
the line and the field excited. 

When selecting a magnetic clutch for any particular drive, it 
should he chosen to carry, with the desired margin of safety, the 
maximum torque required, which will not always occur when the 
maximum horse-power is being transmitted ; for example, maximum 
torque may be required when starting a driven machine containing 
heavy flywheels or other parts possessed of considerable inertia. 
The starting torque in such cases can only be determined from the 
known characteristics of the machine. Consideration should other- 
wise be given to the peak value of the horse-power to be transmitted 
when the load is of a fluctuating nature. 

The following relationships are useful : — 

Torque at maximum H.P. in lb. -ft. — 52*5 x max. H.P. per 
100 r.p.m. 

Max. H.P. per 100 r.p.m = 0*019 x Torque in lb. -ft. at max. 
H.P. 
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Direct current is, of course, required for energising ma *• 
clutches, and may be employed at any of the usual yolt ^ 
Standard designs are generally available for the standard raiw^f 
voltages. ® 


Table 176. — Typical Single Plate Magnetic Clutches. 

{Courtesy of Igranic JEleotric Co., Ltd.) ■ 


Max. H.P. 
per 100 
r.p.m. 

Pull-out 
Torque iu 
lb. -ft. 

Max. 

Permissible 

r.p.m. 

Excitation Amps. 

Approx. 
Outside Dia. 
of Clutch. 
Inches, 

-Approx. 

wt.of 

Clutch. 

Lb. 

at 116 V. 

at 230 V. 

0*7 

35 

3 540 

0*4 

0*2 

7 


2*8 

150 

2 380 

1*0 

0-5 

12 

70 

27 

1430 

1 420 

2*0 

1*0 

20 

115 

350 

75 

3 920 

1 030 

3*2 

1*8 

28 

rr/Vk 

158 

8 320 

800 

4*8 

2*6 

36 

/UU 

376 

19 720 

600 

5*5 

2*9 

48 

3 300 

735 

38 600 

480 

14*0 

7*3 

60 

d. cnn 

1270 

66 600 

395 

17*3 

9*1 

72 

* ouu 

6 800 

2 170 

114 000 

365 

19*3 

10*4 

78 

8 200 


For the transmission of particularly heavy torques with a re- 
stricted overall diameter, magnetic clutches of the multiple disc type 
have been constructed and employed on large locomotives -with 
Diesel-electric drive. The driving disc containing the magaet 
winding is provided with a number of annular friction discs capable 
of small axial movement on a splined shaft. Between these driving 
discs are inserted other annular discs capable of small axial move- 
ment along internal splines in a rigid housing, embracing the nest 
of driving discs, and keyed to the driven shaft. A magnetic 
pressure disc, capable of small axial movement, is carried inside the 
housing on the driven shaft and puUed away from the friction 
ST^aces by springs, but can be caused to press on the driven friction 
discs by the pull of the magnet winding. With no current passing 
through the winding, the pressure disc is withdrawn and there is no 
pressure between the two sets of friction surfaces, so that the clutch 
13 free. On energising the magnet, the pressure disc is attracted 
against the force of the ‘ pull-off’ springs and produces axial pressure 
between the two sets of friction discs. The multiple effect of the 
friction surfaces then produces a high frictional resistance and the 
driven shaft is rotated. 
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S 09 . Magnetic Separators. — The application of an electro- 
magnet to a mixture of magnetic and non-magnetic materials is a 
useful means of separating the two substances. Many instances 
occur where this process is desirable, including the removal of iron 
and steel articles which would be detrimental or useless if allowed 
to remain in the mixture, and the recovery of magnetic material 
from natural and waste products. 

Some examples of this use of the electromagnet are: — 

(1) The jemoval of iron chippings and slag containing iron, and the like, from 
foundry sand, cupola cinders, foundry door dirt ; the iron separated may he remelted 
instead of Tvasted. The removal of iron turnings from brass swarf. 

(2) The removal of foreign iron and steel from coal to be used in pulverised fuel 
plants ; apart from the uselessness of such material as fuel, the delivery of holts, 
nuts, etc., to the crushers and pulverisers might result in breakage and stoppage of 
the plant, and be likely to produce sparks, with the possibility of fires. 

(3) The recovery of iron and other magnetic materiaJs from crushed ore. 

(4:) The separation of iron nodules from gem-bearing gravel for the recovery 
of small lapidary diamonds especially. 

(5) The removal of iron and steel particles from foodstuffs, glass and pottery 
materials, etc,, where the ferrous materials might otherwise he dangerous, or 
detrimental to the success of the finished product. 

Since the processes to which electromagnets can be usefully 
applied in this way are usually continuous processes, the ‘ magnetic 
separator’ is generally found in connection with a conveyor, or 
other continuous process device. The arrangement of the separator 
in relation to the process is generally a mechanical matter, and the 
following arrangements are met with : — 

(a) MagTietio Pulley Separators , — This type is particularly 
adaptable to belt conveyors, the magnetic pulley taking the place 
of the usual head pulley on an inclined conveyor, or that of the 
delivery pulley in a horizontal conveyor. Suppose, for example, 
that foreign or ‘tramp’ iron is to he removed from coal. On 
approaching the pulley, the iron is held against the belt, by virtue 
of the magnetic attraction of the pulley, over a sector wide enough 
to carry it past the chute into which the coal, or other non-magnetic 
material, is delivered. On leaving the magnetic sector, the iron is 
dropped into a separate chamber or discharge chute. Such pulleys 
are made in sizes from 12 to 36-in. diameter and in widths up to 
60 ins., a range capable of dealing with up to 500 tons of coal per 
hour. The pulleys should be used as large in diameter as possible, 
in order to minimise wear and tear on the belt, and about 120 ft 
per min. is a suitable belt speed. 
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As regards the electromagnetic features of the pulley, a nu ti 
of soft steel discs are keyed to the shaft, with windings ' ^ 
intervening spaces. The coils are connected in series^and th 
ternoinal leads are brought out through the shaft to a pair of i- 
rings hy which D.C. is supplied to the windings. The coils^'^ 
impregnated, and the spaces between the discs are filled solid u 
an insulating compound, which protects the winding from moist 
and has good heat-conducting properties. By suitable proportionr* 
of the steel and the ampere-turns in the windings, sufficient flu 
is provided to retain pieces of iron which have not worirpri ^ 
to the belt surface. 


These pulleys are usually fed at voltages from 100 to 500 V 
and will remove pieces of iron weighing up to 50 lb. The current 
re(iuired is usuaUy only a few amperes. As an alternative to 
using a magnetic pulley in conjunction with a belt conveyor, the 
pulley may comprise the active part of a separate separator. The 
mixture is then fed to the upper and receding side of the pulley 
the non-maguetie material being thrown off by impact and centri- 
fugal action into a hopper. Fixed exciting coils are employed 
placed eccentrically inside the revolving drum, and nearest to the 
feeding point of the drum. The magnetic material is carried round 
beyond the hopper for the non-magnetie material, and is released 
in the neighbourhood of the lowest point, where the field is weakest, 
into a separate container or chute. 


It has been found that coal slag* is generally appreciably 
magnetic, whereas coal and coke are not. The difference is due 
to the fact that the ferriferous non-magnetic constituents in raw 
coal become changed, during combustion, to the magnetic state. 
Magnetic pulleys therefore find a useful application in the recovery 
of combustible matter from ash, from 30 to 50 % of the total ash 
being recoverable. The process has the advantage of being a ‘ dry’ 
one, so that minute particles of coal or coke which would be washed 
away by a wet separation process are now retrieved. 

(b) Drwm-Type Magnetic Sej)aTators . — Where material is 
tumbled in an inclined revolving drum for grinding purposes, 
magnetic separation may conveniently be combined with the 
passage of the material through the drum. The material to he 
ground is fed in at the upper end of the drum and is carried up 
for some distance on the rising side before tumbling over to the 
bottom again. Electromagnets can be so arranged at the upper 
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end that any magnetic particles are carried round to about the 
top of the circular section, where they are released and fall into 
a chute which passes through the drum and carries them away. 
This type of magnetic separator is applied to ore concentration, 
and for gem separation, as mentioned above. 

(g) Rotating Disc-Type Magnetic SepaTators . — In some cases 
it may be more convenient to dispense with a magnetic head 
pulley on a belt conveyor in favour of a conveyor of ordinary 
type used in conjunction with a separate magnetic device. A hori- 
zontal disc, carrying soft steel pole pieces, is then revolved above 
the conveying belt at a suitable place, and a fixed electromagnet 
is supported over the disc. The pole pieces of the disc become 
periodically magnetised by induction as they pass under the 
magnet, and they then attract the magnetic particles to be re- 
moved from the material on the helt. As the particles adhering 
to the disc are carried beyond the influence of the inducing 
magnet, they fall into a chute or container provided for their 
reception. This method may be applied to ore concentration, and 
to the removal of ferrous particles from brass machine-shop swarf. 

{d) Belt-Type Magnetic Separators, — Eixed electromagnets 
combined with two belts can he readily arranged to form a 
magnetic separator. One arrangement is to run a second belt 
over the main conveying belt at a suflScient distance above it, and 
to place a series of electromagnets at a little distance above the 
upper helt. On approaching the magnetic field set up by the 
magnets, the magnetic articles in the material on the main belt 
are drawn upward and retained against the underside of the top 
belt as long as the top belt is moving under the series of magnets. 
It is purely a matter of arrangement to provide for a hopper to 
gather the magnetic material at the end of the magnetic area, 
where it drops freely from the underside of the top belt, while 
the non-magnetic material is carried forward on the lower helt. 

An alternative arrangement is to run the ^magnetic’ helt 
across the main helt instead of in the same direction ; this cross 
belt may he run between the poles of a bipolar magnet. 

The foregoing separators are all suited to continuous processes, 
and both separated materials are continuously delivered. In some 
instances, intermittent removal of the magnetic material will serve, 
and the following types are in use : — 

(e) Wet-Type Magnetic Separators. — Where it is desired to 
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remove iron from liquid or semi-liquid material, the material tok 
treated may be passed through a suitable non-magnetie trough ’ 
which is placed a removable tray (also non-magnetie) contaiimT 
a watertight electromagnet. The ferrous material is attracted I 
the magnet and is retained in the tray. Periodically the trav ’ 
removed and cleared of its spoil ; it is necessary, of course, for the 
flow of the material, and the power to the magnet, to be inter- 
rupted for this operation. 

(f) Suspension-Type Magnetic Separators. — The separator 
consists essentially of a lifting magnet suitably placed above a 
conveyor belt carrying the material under treatment. This 
method is applied to the removal of scrap iron, etc., from coal 
and the like. A mushroom form of magnet may be used, -with 
a horizontal coil in a soft-steel core, which gives a somewhat 
localised flux, and is suitable for the extraction of heavy scrap 
and foreign articles. 

Alternatively, a bipolar magnet may be employed; this gives 
a wider range of flux and a greater reach over a conveyor belt 
and so is more suitable for the removal of smaller articles. 

The supply must be cut off before the attracted articles can be 
dropped from the magnet; as a corollary, the conveyor will 
generally need to be stopped when this is done. A convenient 
mechanical arrangement when large articles are to be dealt with 
is to provide a suitable runway on which the magnet may be 
drawn aside from the conveyor belt before dropping the spoil 
Such magnets are useful in coal preparing plants, and will retrieve 
material ranging from small pieces of steel wire used in blasting 
operations to steel chains and miners’ picks. 

8lo. Bibliogrraphy. — {See explanatory notes, § 58 , VoL 1.) 

OePICIAIi Begulations- 

See Cliap, 41 in tliis volume. 

British Standard Specifications. 

ITo, 302. — Round Strand Steel Wire Bopes for Cranes. 

Ko. 327. — Derrick Cranes. Part 1, Power Driven. Pari 2. Hand 
Operated. 

Ko. 329. — Round Strand Steel Wire Bopes for Lifts and floists. 

No. 357.— Travelling Jib Cranes (Contractor's Type). 

No. 394. — Short Link Wrought Iron Crane Chain (excluding pitched or 

. calibrated chain). 

No. 408. — Ships’ Cargo Lifting Blocks. 

No, 465. — Quality of Pitched and Calibrated Wrought Iron Load Ohaiu 
for Hand Operated Pulley Blocks. 

No. 466. — Electric Overhead Travelling Cranes. 
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Books. 

Electrical Handling of Materials, H. H. Broughton (Benn). 

Electric Crane Constnicbion, O. W. Hill (Griffin). 

Cranes and Hoists, Wilda (Scott, Greenwood). 

Electric Cranes and Hauling Machines, F. E. Chilton (Pitman). 
Mechanical Handling of Gk)ods, C- H. Woodfield (Pitman). 

Electric Lift Eq.ulpment for Modem Buildings, R. Grierson (Chapman 
& HaU). 

Electric Elevators : Their Design, Construction, Operation and Mainten- 
ance, F. A. Annett (McGraw-Hill). 

Lifts (Brochure), Marryat & Scott, London. 

Magnets, C. B. Underhill (McGraw-Hill). 

I.E.E. Papers. 

Electric Passenger Lifts, H. Marryat. Vol. 62, p. 325. 

New System of Control for Electrically Driven Winches and Cranes, 
J. Bentley. Yol. 64, p. 567. 

Miscei^lakeous. 

High Speed Lifts on Single-Phase Supply, R, E. Hopkins. Ul,. Bev.^ 
ToL 104, p. 53. 

A Large Electric Lift. El, Rev,, Vol. 105, p. 293. 

Bleotrio Power Application to Passenger and Freight Elevators, H. P. 

Beed. Amer, I.E.B, Jour., Vol. 41, pp. 67, 152. 

Electric Cranes, 0. H. Woodfield. Jour. Junior Inst. Engineers, Vol. 
32, Pt. 2, p. 47. 


Note (to p. 364). — For use in explosive atmospheres, where open contact wires 
are not permissible, cranes and runway pulley blocks (§§ 787, 790), with totally 
enclosed motors, may he supplied through tongh-ruhber sheathed trailing cables 
(§820). The latter hang in loops, with or without supporting ‘ runners/ or are kept 
taut by a counterweight and pulley system, or by a spring drum. Explosion-proof 
switchgear, plugs, etc., must, of course, he used. Official approval of the proposed 
installation should be sought in advance. 


VOL. III. 


417 


27 



CHAPTER 32. 


ELECTRICITY IlST MINING. 

8ii. Diversity and Extent of Uses ; Conditions.— Electric 

power is used to an ever-increasing extent in mining work for 
ventilations (§§ 824, 825), pumping (§ 826), locomotion (§ 832) 
haulage (§ 831), winding (§§ 827 et seq,), drilling (§ 836), coal- 
cutting (§ 834), lighting (§ 840), and such subsidiary but import- 
ant applications as shot- firing (§ 838) and communications (| 839) 
In addition, there are various uses confined to particular classes of 
mines, such as ore-crushing, screening, separating, etc. The latest 
available statistics (for 1931) -show that about 873 000 H.P. of 
electric motors are used above ground in collieries in the Britisk 
Isles, 961 000 H.P. below ground, or 1 834 000 H.P. total above 
and below ground. For metalliferous mines in the United 
Kingdom, the corresponding data are about 19 700 H.P. above 
ground, 11 900 H.P. below ground, or 31 600 H.P. in all; while 
about 114 000 H.P. of electric motors are installed at quarries, 
including clay, sand and gravel pits. These figures are further 
analysed in § 842, which deals with mines and quarries other 
than coal mines. 

New collieries are almost always driven electrically. So far 
as essential principles are concerned, it is immaterial whether 
electricity is to be used above or below ground, for one purpose 
or another, but in details of practice and design special poirts 
must receive attention. Thus temperatures are generally higher 
and ventilation worse than normal below ground ; dust, damp, 
and falls of rock have to be allowed for ; space is limited; 
difficulties in erection are enoountered; and there is, even now, 
difficulty in securing adequate supervision and maintenance of 
underground electrical apparatus by ' competent persons.^ Clearly 
all such apparatus must be of the hardiest construction, and 
anything in the nature of delicate automatic gear is out of place 
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Finally, fcHe danger of explosions is ever present in most coal 
mines. 

8i2. Advantagres of Electricity in Mining-; Safety; and 
Safety Provisions.— The general advantages of electric trans- 
mission and driving in mining work are those experienced in 
other industrial applications of electric power, but have here 
special importance owing to the scattered location of power- 
consuming devices in colleries and the peculiar working condi- 
tions, which make any other system of driving inefficient and 
more or less inflexible and inconvenient, but do not detract at 
all from the merits of electric driving. The chief objections 
urged against electrification of collieries have been the capital 
cost involved and the alleged dangers introduced^ The capital 
cost of electrical plant was being rapidly reduced, as compared to 
that of other plant, when our previous edition was published ; 
since the war, the increase in price has been general, so that the 
proportionate reduction of pre-war days holds good. Experience 
has proved that electrical driving is always a sound proposition 
in new collieries, and generally pays for itself in collieries 
previously driven by steam, except perhaps in the case of wind- 
ing plant (§ 827). As regards safety, the annual report of 
H.M. Inspector of Mines shows that fatal electrical accidents in 
mines are less than 1 of the total fatal accidents, whilst the 
non-fatal accidents form a yet smaller percentage of the total 
number. Further, most of the electrical accidents which do 
occur are distinctly ‘avoidable,’ being due to neglect or contra- 
vention of rules and regulations which, if observed, would secure 
absolute safety; practical joking is sometimes responsible for 
serious accidents, and cannot be too strongly condemned 
wherever electrical apparatus is concerned. In 1926 there 
were only four fatal accidents recorded in the official Report, 
of which ‘three ought not to have occurred if reasonable pre- 
cautions had been taken ’ ; on the other hand, in 1931, there were 
eight accidents involving twenty-four deaths, the comparatively 
serious loss of life being due to the fact that eighteen men were 
killed in two explosions. 

The ‘ General Regulations as to the Installation and Use of 

* See ‘ Some Beseairches on the Safe Use of Electricity in Mines,’ Prof. W. M. 
Thomton (Jbtir. Yol. 62, p. 481). 
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Electricity in Mines ’ prescribed by the Home Office (§§ 818 
are further referred to in the following paragraph, bnt here 
may quote the one dealing with gassy mines : — ^ 

Regulation 132. In any part of a mine in which inflammable gas, alth 
not normally present, is likely to occur in quantity sufficient to be indicati^^^^ 

danger, the following additional requirements shall be observed : ^ 

(i) All cables, apparatus, signalling wires, and signalling instruments sh 
be constructed, installed, protected, worked, and maintained so that ' 
the normal working thereof there shall be no risk of open sparking 

(ii) All motors shall be constructed so that when any part is live all iubb‘ 
contacts (such as commutators and slip-rings) are so arranged^ 
enclosed as to prevent open sparking. ° 

(iii) The pressure shall be switched off apparatus forthwith if open sparMn? 

occurs, and during the whole time that examination or adjustmeS 
disclosing parts liable to open sparking is being made. The pressure 
shall not be switched on again until the apparatus has been examined 
by the electrician or one of his duly appointed assistants, and the 
defect (if any) has been remedied or the adjustment made. 

(iv) Every electric lamp shall be enclosed in an airtight fitting,* and the 

lamp-globe itself shall be hermetically sealed. 

(v) A safety lamp shall he provided and used with each motsor when working 

and should any indication of fire-damp appear from such safety lamp 
the person appointed to work the motor shall forthwith cut off the 
pressure therefrom and report the matter to a fireman, examiner, or 
deputy or other official. ’ 

Adoption of electric driving in coJlieries reduces power costs 
by centralising generation. Extra power-using apparatus can be 
installed wherever required, working conditions underground are 
materially improved, and power losses and maintenance costs are 
reduced. Moisture-proof insulation and earthed sheathing on 
cables practically eliminate shock risk. Simple interlocks can be 
arranged to prevent a trailing cable plug being inserted in or 
withdrawn from a gate-end box whilst the switch of the latter is 
closed ; and the plug can be so arranged that the earth-pin cannot 
be inserted in a live socket. By using double-wound transformers 
( 07 . 0 ^ auto-transformers) wherever pressure-reduction of A.C. is 
required, and by earthing one terminal of the secondary of 
double-wound transformers, danger due to possible access of 
high-pressure current to the low-pressure circuit (by breakdown 
of insulation or otherwise) can he practically eliminated. Oil 


The minimum percentage of methane in air which can be ignited is 5*5 °/o 
by volume, whUe 12’2 gives the maximum efieot (160 lb. per sq. in.); the 
temperature of ignition is 650° C. The minimum amount of coal dust in air wMct 
forms m explosive mixture is 6 7^ by weight, and above 16 7^ is practically safe. 
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immersion of switchgear (§ 822) prevents ignition of explosive 
erases by arcing at the contacts. Enclosure and the provision of 
cooling baffle-plates or wide but very shallow casing-joints makes 
motors and other apparatus hame-proof (§§ 670, 740). Various 
Reports of the ‘Safety in Mines Research Board’ deal instruc- 
tively with flame-proof mining plant. As internal explosions 
must occur, the problem is to prevent the propagation of flame 
outside, which is done by either ‘ vented flanges ’ or ‘plate relief’ 
(including ‘ring relief ’) devices.f 

On haulages (§ 831) it is useful to fit the motor circuit with 
an overload cut-out, set to operate at such load as indicates 
derailed tubs or an obstruction on the track. The motor itself 
would generally stand a much higher load, and, but for the safety 
device suggested, a good deal of damage naigbt he done to the 
track before the haulage driver realised that there was anything 
radically wrong. These few examples illustrate how electrical 
apparatus of all kinds lends itself readily to the provision of 
simple, automatic safety devices giving precisely the desired 
protection. Official regulations concerning the use of electricity 
in mines in this country are stringent, hut most of the relatively 
few electrical accidents which occur are traceable to non-ohservance 
of the rules. Broadly speaking, all electrical equipment for use 
in mines should be absolutely ‘fool-proof,’ and it is not difficult 
to secure this. 

The testing of electrical apparatus for flame-proofness is now 
undertaken hy the Safety in Mines Research Board, at Buxton, 
which body issues certificates. 

813. Regulations as to the Use of Electricity in Mines. — 

In Great Britain the use of electricity in mines is hedged about 
with an enormous mass of statutory rules issued by the Home 
Office (§ 1051). To some extent these rules were originally 
rendered necessary hy the average mining engineer’s ignorance of 


*■ Papers Nos. 5, 21, 35, H.M. Stationery 0ffi.ee. 

f A-n exceptionally valuable article on the whole q^uestion of flame-proof equip- 
ment and protection, including a detailed comparison of the specifications in various 
countries, is ‘ Plameproof Electrical Apparatus for Use in Mines,’ by 1. 0. P. Statharu, 
Colliery Engineering^ Yol. 10, pp. 112, 163, 207, 226. In the Reports of the Safety 
in Mines Research Board (H.M. Stationery 0£B.ce), Paper Ho. 5 deals with flange 
protection, No. 21 with perforated plate protection, and No. 85 with ring relief 
protection. 
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electrical matters and his tendency to underestimate the 
sequences of carelessness in installing and operating electd^] 
equipment. Conditions are, however, so special in mines tU 
the safeguard of stringent official rules could hardly have bee 
omitted under any circumstances, and, on the whole, the British 
regulations have been found conducive to safe working without 
impeding progress in utilising electricity in mines. The regnla- 
tions have been amended from time to time in accordance with 
widening experience, and no useful purpose would be served by 
dealing with them at length in these pages ; though many are 
quoted verbatim in this chapter, with relevant extracts from the 
official memorandum on them.^ The complete set of regulations 
is obtainable through any bookseller at nominal cost ; a selection 
of them may be found in Glover’s Electric Mining Begulatiom 
and Data. 

Power Supply in Mines. 

814. A.C. versus D.C. ; Load- and Power- Factor, etc.— 

As in other industrial power applications, high-tension S-phase 
supply is the accepted standard for transmission to or genera- 
tion in colliery power houses. This system undoubtedly offers 
a maximum of efficiency and economy in serving miscellaneous 
scattered power loads, some of which are very large. The turbo- 
alternator is a cheaper, more efficient, and more convenient 
machine than the turbo-dynamo ; and A.C. can be transmitted at 
high pressure and transformed to lower pressures without use of 
rotating machinery. D.C., on the other hand, involves simpler 
circuits and switchgear, and D.C. motors have especial advantage 
in respect of speed control and high starting torque. Squirrel- 
cage induction motors are the acme of simplicity and strength, 
but, for all except the lowest horse-powers, it is necessary to use 
slip-ring motors, and these offer no advantage over commutator 
motors in respect of low explosion risk. By use of liquid or 
other starting resistances in the rotor circuit (§§ 723, 739) it is 
possible to develop sufficient starting torque in the induction 
motor for mo.st mining purposes, and, as stated above, the balance 
of opinion is undoubtedly in favour of 3-phase A.C. working, 
with auxiliary D.C. supply from rotary converters (§ 408 et seq.) 
for special purposes. 


* Reproduced by tlie permission of the Controller of H.M. Stationeiy Office. 
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Evsii witii ths bsst fcrotiisiiiissiom conditions tliat cru bs mSiizitslnBd iindergroiind., 
the power losses and the investmenfc of copper increase formidably as a mine 
becomes older and the transmission lines for carrying low-voltage current are 
lengthened. In order to remedy these conditions the underground converter station 
has been introduced into the mine power system. A. great decrease, both in trans- 
mission line losses and the amount of copper required, is effected by transmitting 
power as A.O. of high voltage to substations near the centres of power consumption 
and there converting it into low- voltage D.C., to be transmitted over short distances 
to the mining machines and locomotives. The approved practice is to carry the 
high-tension A.O. over surface transmission lines to points directly above the sub- 
stations and thence by cables through bore-holes from the surface to the stations.* 
At these points motor-generator sets or transformer and rotary converter equipment 
alter the high potential A.O. to 250-volt D.O. The motor-generator set has been 
commonly used because of the diflaeulties formerly experienced in the operation of 
60-eycle synchronous converters. The recent perfection of the latter type of machine 
by the use of interpoles has made this type of converting equipment adaptable to 
mining use, and some installations have been made. These have the advantages 
over the motor-generator set of lower cost, higher efficiency, and the possibility of 
adjusting the power factor, which cannot be accomplished with the induction motor- 
generator set. The disadvantages in the use of the rotary converter are that trans- 
formers are required and more care is necessary in starting the synchronous rotarj’, 
because it must he started, brought up to speed, and synchronised with the power 
source before it may be connected with the power line. 

Some have advocated the elimination of the converter equipment and B.C. com- 
mutation troubles by the use of A.O. equipment for all mining worh. There are, 
however, the compensating disadvantages of the lack of flexibility in operation of 
A.G. motors, low starting torque, the greater amount of copper required for power 
transmission at a given low voltage, and the low power factor when induction 
motors are used. Power factors as low as 30 ®/o have been reported in the case of 
A.O. mining-machine circuits, and a P.P, of 60 for the entire mine is considered 
average practice. 

(Arthur J. Hoskin and Thomas Fraser in Bulletin 144 of the University of 
Illinois.) 

Where private generating plant is installed (§ 816), the 
generators should he capable of supplying their rated kilowatts 
of true power output at 0*75 P.F, (§ 155 et seq.)y and the demand 
varies so greatly on different sections of a widespread system that 
automatic voltage regulation by Tirrill regulators (§ 147) or 
equivalent means is very desirable. Transmission may be at 
3 000, 11 000, 20 000 V, or higher pressure, according to the 
amount of power to be transmitted and the distance of trans- 
mission. 


*This method is rarely, if ever, applicable in the United Kingdom, owing partly 
to wayleave difficulties and partly to the prohibitive cost of bore-holes where deep 
seams are concerned. The method is, however, economical where seams are relatively 
near the surface, as is generally the case in the U.S.A. 
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Regulation 126 prescribes that : (a) Where electricity is distributed at a 
higher than 650 V (i) it shall not be used without transformation to mediura^^f^ 
pressure except in fixed machines in which the high or extra-high pressure uart 
stationary ; and (ii) motors under 20 H.P. shall be supplied with current t^ 
transformer stepping down to medium or low pressure. ^ ^ 

(&) Where energy is transformed, suitable provision shall be made to 
against danger by reason of the lower pressure apparatus becoming accideSi 
charged above its normal pressure by leakage from or contact with the hi b ^ 
pressure apparatus. ® ^ 

Large motors may be operated at 2 000 or 3 000 V, 3-phase- 
motors of less than 50 H.P. may be supplied at 250 to 600 V 
3-phase; and lighting supply may be at 100 or 110 V, single 
phase or D.C. The possibility of present or future co-operation 
■with existing power supply companies must be taken into con- 
sideration when selecting the frequency at which A.C. is to be 
• generated in private plant ; for under the Electricity (Supply) 
Act, 1926, the Electricity Commissioners have power to enforce 
standardisation. Apart from this consideration, the choice 
usually lies between the British Standard frequency of 50 cycles 
(adopted by the Commissioners generally) and the subsidiary 
standard of 25 cycles (§ 135 (5), Vol. 1). Machinery and 
transformers for 50-cycle current are lighter and cheaper than for 
25 cycles, but the P.F. is better on the lower frequency. The 
net advantage, however, is in favour of standard 50-cycle supply, 
since this permits higher speed in the turbo-generators (3 000 
r.p.m. as against 1 500 r.p.m.), and gives a wider range of speeds 
in the motors supplied. An excellent review of the conditions of 
generation and distribution in a large colliery scheme is to be found 
in a paper by C. P. Sparks (Journal I.E.E., Vol. 53, pp. 389 et seq.) 
dealing chiefly -with the electrical features of the Powell Duffryn 
collieries (South Wales), where about four million tons of coal 
are raised per annum, and examples are to be found of most forms 
of electric drive. In the Aberdare and Khymney valleys there 
are nearly 45 000 motors connected for colliery purposes, these 
being supplied by 24 000 kW of generating plant (0-54 kW per 
H.P. of motor installed), furnishing 50 000 000 kWh per annum 
(1 3 20 kWh per annum per motor H.P. installed). The diversity 
factor (= Total H.P. connected Maximum demand (§ 263 
et seq.)) is about 3 ; the power factor of the Aberdare valley load 
is 0'7 to 0'85, whilst that of the Rhymney valley load is 0'7 to 
0 8 ; and the load factor of both valleys combined is as high as 
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55 to 60 7o* factor of the Aberaman colliery alone is 

47 °/ . These data may be taken as a useful guide to the results 
obtainable in any large colliery, when fairly completely electrified. 

815. The High-Pressure Constant-Current System in 
Mines. — The possibilities of high-pressure D.C. working on the 
Thury system (§ 317) in mines were discussed fully by S. F. 
Walker a few years ^go (Journal I.KE., Vol. 51, pp. 443 et seq,\ 
but no practical application of the system has yet been made in this 
field. The high-pressure constant- current system is primarily 
suitable for transmission purposes (§ 317), whereas colliery con- 
ditions are chiefly those of distribution. Short-circuiting switches 
provide against interruption of supply in the event of one motor 
in a series circuit breaking down, but a break in a cable (due to a 
fall or other mishap) interrupts service on the whole circuit of 
which that cable forms part. Since a full-sized cable must be run 
throughout a series circuit, the system is extravagant of copper 
when supplying outlying motors ; hut perhaps the most serious 
difficulty of all, in applying this system to mining work, is that 
of insulating the motor from the machine it drives and of using 
foundations of concrete or glass insulators and bitumen (or an 
equivalent construction). Though the system would introduce 
considerable advantages in some directions, its disadvantages seem 
to be more weighty, if not practically insuperable. 

Mr. H. M. Sayers has revived interest in this system * by 
suggesting its use for transmission in rural and ' thin ’ areas, with 
parallel distribution ; and possibly this may be applicable in mines 

816. Private Generation versus Purchase of Energy ; Prime 
Movers for Colliery Service. — The subject-matter of this para- 
graph will also be found in § 185 (Vol. 1), where the question is 
discussed without special reference to mines. During recent years, 
increase in the size of generating units both for public and private 
plants has been rapid, and what follows may he taken as applic- 
able generally. But a colliery installation is in a class by itself, 
since its power demand may equal that of a medium-sized town ; f 


*El. Rev,, January 13, 1928, p. 48. 

t At the Puel Conference, 1928, it was stated hj Prof. D. Hay that over a million 
kW of plant is installed in British collieries, with overall costs sometimes as low as 
0*25 d, per kWh and very low transmission losses. In some areas these stations 
generate nacre nnits per annum than the local power companies. 
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and it is recognised in the schemes that have been formulated h 
the Central Electricity Board that a modern group-colliery plant 
may be large enough and economical enough to work in eo 
operation with, or itself to be, a ‘ selected station ' (§ 1041 
Mr, J. Kennedy ^ has remarked : — 


‘ At the present prices of machinery and coal the Board would be able to u t 
turbine-nnits of, say, 25 000 kW into their stations, and produce eleetricity^at 
prices, respectively, of £2 5s. per kW and 0*125d. per unit generated, with coal at 
about 15s* per ton.f At 30 7o load-factor that was equivalent to 0*3d. per unit in 
eluding interest. It was therefore obvious that collieries would have to produce 
electricity at about that figure if they were going to be able to supply the Cential 
Electricity Board/ 


It is a mistake to assume that power can always be generated 
at the pit mouth more cheaply than it can be purchased from a 
power company. Even the poorest grades of fuel have involved an 
appreciable cost per ton by the time they reach the pit mouth, and 
they have certainly had an enhanced market value, since machine 
stokers and pulverising plant have been so much improved that 
almost any fuel can be burned eflSciently under steam boilers. 
The problem of deciding on the best arrangements for power 
supply in collieries is thus not at all simple ; full consideration of 
individual circumstances is essential, and (subject to approval hj 
the Electricity Commissioners) the alternatives to he borne in 
mind are : (i) Generation in private plant serving the colliery 
alone ; (ii) generation in private plant serving a group of collieries]: 
or operating in parallel with a power company’s plant, which is 
drawn upon during periods of heavy load, and to which assistance 
is given when the colliery demand is low ; (iii) erection of a plant 
to supply all the industrial power requirements of the neighbour- 
hood, including the colliery ; (iv) purchase of all energy required 
from an existing power company. Selection from amongst these 
alternatives is almost entirely a commercial problem. The extent 
and nature of the colliery load must be estimated, and the cost of 
private generation compared with that of purchasing energy, 
taking into account present and future needs, total demand, load 


* Progs. Inst. C.E., YoL 223, p. 225. 
t Coal at the pit’s mouth may cost as little as 8s. per ton. 

+ The grouping of collieries in the matter of power production is discussed in 
‘ The Economics of Power Production and Utilisation at Collieries,’ by Professor 
D. Hay {Progs. Inst. G.E., Vol. 223, p. 194=). 
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factor, fuel costs at the colliery, the possibility of by-product re- 
co^^ery or exhaust-steam utilisation, and so on. 

One large group of collieries generating their own power 
recently branched out on new lines. The blast-furnace gas frona 
the associated ironworks is used to drive gas engines, directly 
coupled to alternators, where hitherto the gas has been bui^nt 
under boilers to generate steam for turbines. The overall 
efficiency is expected to be of the order of 25 

Tenders for the supply of so many units (kWh) per annum at 
such and such power and load factors can be obtained at once 
from existing power stations. In considering the possibilities of 
private plant, the three main alternatives are : (i) Use of electricity 
for all purposes, energy being obtained from generators driven by 
Mgh-pressure turbines ; (ii) retention of existing steam engines 
driving winding gear and compressors, exhaust steam from these 
engines being used in exhaust- or mixed-pressure turbines to pro- 
duce electrical energy for all other drives; (iii) gas engines 
utilising coke-oven or blast-furnace gas, and driving alternators. 
A new colliery in the supply area of a large power company will 
generally find it best to purchase electrical energy for all purposes 
from that company. If no power company is already operating in 
the district (an increasingly unlikely contingency as the projects of 
the Central Electricity Board materialise), the colliery might seek 
general supply powers for itself, or at least endeavour to secure 
one power station to supply all the pits in the district ; in such a 
ease the kW-capacity of the station plant would generally he 
about one-third the total kW-rating of the motors served. Exist- 
ing collieries with good steam-driven winding gear may find it 
best to retain the latter, adding mixed-pressure turbines to utilise 
exhaust steam to the best advantage {hut see § 817). When a 
colliery has a large surplus of coke-oven gas there are many 
advantages in co-operation with a public supply authority, i.e. 
the rimning of a surplus heat generating station, feeding into the 
authority’s mains when excess energy is available. 

It is interesting to note that portable battery trucks are in 
use, in place of power direct from the generators, in some mines 
in the United States, where they are used for operating coal- 
cutters in gassy mines, with the approval of the Department of 
the Interior. 


* Journal Inst, JS.J0., Yol. 65, p. 352. 
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817. Utilising* Exhaust Steam ; Steam Accumulators-^ 

The utilisation of ‘ low-grade ' heat and of steam accumulators 
has already been dealt with in Vol. 1 (§§ 176 and 177), and where 
this is possible private generating plant may, in point of economy 
have an advantage over the purchase of energy even from a 
modern super-station. The installation of low-pressure or mixed- 
pressure turbines is generally sound practice wherever large 
high-efficiency reciprocating engines are already in use ; though 
the capital cost of the low-pressure turbine and steam accumulator 
equipment he higher than that of a live steam turbo-set of equal 
capacity, the former generally shows considerable net annual 
saving and often provides for all auxiliary power requirements 
and even furnishes a surplus of energy for sale, without increasing 
steam consumption. The amount of exhaust steam available for 
utilisation varies widely in different plants, but is easily estimated 
in each particular case. From the winding and compressor 
engines of a pit there may be available 20, 30, or 40 tons per 
hour of exhaust steam ; but since winding is intermittent, the 
maximum rate of flow may be perhaps one ton a minute for short 
periods, followed by other short periods during which little or 
no exhaust steam becomes available. The capacity of the low- 
pressure turbine must be based on the average supply of exhaust 
steam available, and it is advisable, in such cases, to use mixed- 
pressure turbines in preference to exhaust turbines, since the live 
steam supply can then be increased and utilised efficiently in the 
turbine, when the exhaust steam supply is inadequate, without 
throttling live steam wastefully down to exhaust pressure to 
make good the deficiency. When using both live and exhaust 
steam, the consumption of each depends on the amount of exhaust 
steam available ; naturally, live steam should only be used to cover 
insufficiency in the supply of exhaust steam. When operating 
entirely on live steam, a mixed -pressure turbine becomes practi- 
cally a high-pressure turbine, and consumes, say 14 to 15 lb. steam 
per kWh (§ 173) in the sizes of machine generally used in this 
connection, say 1 500 to 3 000 kW. When operating entirely on 
exhaust steam, the consumption may be 30 to 35 lb. per kWh, up 
to 40 lb. per kWh in the case of small sets or where the vacuum 
is poor. For satisfactory results, an ample supply of condensing 
water is particularly important where low-pressure turbines are 
employed to utilise steam at or near atmospheric pressure (§ 175). 
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Plant in Mines, 

818. Motors for Mining Work. — Motors and their control 
have already been treated in Chapters 28 and 29 ; here we confine 
ourselves to their special applications in mines. Open-type motors 
are suitable only for use in the power house, and a few other 
specially favourable applications in colliery installations. Pro- 
tected motors (§ 870) have little wider scope, since they are 
unsuitable for use in dusty situations or where sparking would 
involve risk of explosion. In screening-houses and similar situa- 
tions, pipe-ventilated motors are convenient (if air supply is 
readily available), since they permit dust to be excluded from the 
windings without involving the heavier and more costly construc- 
tion necessitated by complete enclosure. Main haulage motors 
and other large machines used in well- ventilated situations may 
be used without total enclosure, but it is generally necessary to 
employ totally enclosed motors underground. In ‘fiery’ mines 
no point of possible sparking must be left unenclosed (§ 812). 
It may be sufficient to enclose the slip-rings of haulage and other 
motors in well-ventilated situations, but all the machines used 
in-by must be ‘ explosion-proof.’ This means a good deal more 
than is generally implied by the term ‘ total enclosure ’ (§ 670) ; 
the latter is only a relative term where motors are concerned. 
It is impossible to prevent explosive gases being drawn into the 
interior of a motor easing by the ‘ breathing ’ action resulting 
from alternate heating and cooling of the machine (§ 812). 
One must therefore reckon that explosions will inevitably occur 
within the motor casing, which must be strong enough to resist 
the shock, and so constructed as to prevent the explosion from 
spreading. The most explosive mixture of air and methane 
(§ 812 footnote) (about 12 7o) develops a maximum pressure of 
about 160 lb. per sq. in., hence the motor casing and cover holts 
should be designed to withstand at least this pressure. In addition, 
the casing must be strong enough to resist hard usage in the way 
of chance blows or falls, etc. The cover joints should be wide, 
and consist of metal to metal (without packing). A joint of this 
type is not gas-tight, but cools escaping products of an internal 
explosion to well below the minimum temperature required to 
ignite inflammable gases outside the casing ; the principal em- 
ployed is precisely that of the Davy safety lamp. Wherever slip- 
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rings or commutators are employed, there is hound to occur 
sparking, and the danger point must be enclosed before 
machine can be used safely in a gassy mine,* ° 

The permissible temperature to •which the motor windings ma 
rise depends ultimately on -what the dielectric can stand • henej 
with the high initial temperatures found in deep shafts, a lower 
rise must be specified ; a rise of 60° F. will be on the safe side 
This necessarily means a larger motor, and where space limitations 
are very severe (as in coal cutters), high temperature rise must 
be admitted, and provided for, in the construction of the machine 
Intermittently rated motors take up less room than their continu- 
ously rated counterparts (§§ 136, 670), and, fortunately, most 
motors for use underground (with the notable exception of 'pump 
motors) may be rated for intermittent service. ^ 

For reasons already explained (§ 814) A.C. supply is gener- 
ally preferred to D.C. in colliery service. Squirrel-cage motors 
(§ 682) with star-delta or auto-transformer starting gear (§ 724) 
in all but the smallest sizes may be used wherever high starting 
torque is not required — or rather, wherever the starting current 
and P.F. involved can be tolerated ; starting currents and po'ver 
factors which would not be permissible in a general supply scheme 
may have no appreciable effect, or may be accepted as a matter 
of expediency in an industrial power scheme. Where high start- 
ing torque is required, and in practically all cases where more 
than 10 or 20 H.R is concerned, slip-ring motors are employed, 
with liquid resistance starters and controllers (§ 822), Where 
D.C. motors are used, the series type (§ 676) may be applied to 
pumps, haulages, and other loads where high starting torque is 
required, and arrangements are such that the motor cannot ‘ race’ 
Shunt- wound motors (§ 675) are useful in connection with 
machines started and stopped through a clutch or having to run 
light at times without racing. Compound- wound motors (§ 677) 
combine the high starting torque and drooping speed-load character- 
istic of the series motor with the freedom of the shunt motor from 
racing on light loads. 

819. Electric Cables f for Mines.— Although the general 
considerations regarding cables and transmission in Chapters 13 

‘I'lamepioof Eleotrioal Apparatus for Use in Mines,’ Prof. I. 0. P. 
Statham, Colliery Engineering, Vol. 10, pp. 112, 168, 207, 226. 

tFor Cables in general, see Chapter 13 (Vol. 1). 
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and 14 apply to mines, the conditions are special in several 
snects Mining loads differ from others in their large propor- 
tion of intermittent -work; the ambient temperature in the 
workings is often high ; owing to the nature of the ground, both 
wet and corrosive, the overall size of the cables may be different 
from the normal, so that the escape of internal heat (§ 291) is 
modified ; and the permissible drop in, and variation of, pressure 
is less restricted than where circumscribed by the requirements of 
a lighting load. The selection of the appropriate type and size of 
cable is difficult, owing to lack of data and the conflicting figures 
published, so that empirical values are often used and result, on 
the one hand, in extravagance and, on the other, in inadequacy. 
In a paper on ‘ Electrical Transmission and Distribution at 
Collieries,’* Messrs. W. T. Anderson and H. M. Crellin bring 
together much useful information on the subject. 

Between the generating station or substation and the pithead, 
armoured cables may be laid directly in the soil, or, if the ground 
contain corrosive materials, in troughs filled with pitch or bitumen. 
Unfortunately, subsidences are frequent and considerable in the 
neighbourhood of collieries, so that cables laid in the gromad 
should be given plenty of ‘ slack,’ and are even then liable to 
injury. Overhead lines are not subject to this risk, but the use 
of bare overhead conductors round about the pithead is not very 
desirable from the safety standpoint. As a compromise, insulated 
cables may be carried overhead by slings from a catenary wire, 
or laid in a covered trough (with filling material) mounted on 
short posts. Where A.C. supply is employed, current may he 
taken down the pit-shaft at high pressure, practically any 
standard type of high-tension cable (§§ 287 to 289) being suitable, 
so long as it is supported so as to limit the stress placed upon it 
by its own weight. Double-wire armouring is generally used 
for mechanical protection and to take the pull off the insulation. 
Either paper insulation with lead covering or vulcanised bitumen 
or vulcanised indiarubber may be used as dielectric, the latter 
materials being less liable to electrolytic damage and being non- 
hygroscopic, hut mechanically weaker than the paper-lead construc- 
tion. Paper-insulated cables must be ordered specially for shaft 


* Tht Mining Electrical Engineer, March and August, 1926 ; reprinted by 
Messrs. Glover & Co. as * A Guide to Cable Sizes.* 
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service ; otherwise there is a risk that the impregnating oil used 
■will drain to the bottom of the cable and burst the lead sheathi 
Bitumen softens at about 100° F., and this somewhat limits 
sphere of utility, owing to the risk of the core becoming de 
centralised. In certain circumstances it may give rise to 
Solid-filled, vulcanised bitumen cables are, however, in 
favour for moderate pressures (C. J. Beaver, Electrician, Vol fi 
pp. 617 et seq. ; W. T. Anderson and H. M Crellin, The Minim 
Electrical Engineer, March, 1926). Aluminium may be eo^ 
sidered as an alternative to copper in the conductors of shaft cables * 
a bare aluminium conductor is equivalent to steel, and consider^ 
ably superior to copper in respect of supporting its own weight 
but allowance must be made for the extra weight of insulation on 
the larger aluminium cores required for equal conductivity. Since 
joints are seldom required in shaft cables the relative difficulty of 
jointing aluminium conductors does not come in question. Sus- 
pension by a single top clamp is permissible only in shallow shafts. 
Long wooden cleats at intervals give the best combination of 
effective support with small risk of direct mechanical or thermo- 
mechanical injury ; the cleats may be attached to carrier chains or 
ropes, they may rest on the cross-buntons or girders in the shaft 
or they may be secured to the wall of the shaft by rag-bolts. 
Alternatively, shaft cables may be fixed in a continuous casing, 
gripping them throughout their length, but this is apt to cause 
excessive temperature rise and expansion stresses. Flexibility in 
suspension is desirable, and, in the case of lead-sheathed cables, 
the sheathing must he supported so that it does not wrinkle 
downwards and tear at the top under its own weight. 


The cleat should be in principle a friction clutch, not a pinching grip. The 
grooves that take the cable should therefore be cut to the exact diameter of the 
cable ; the ^ in. taken out hy the saw when cutting them into two halves \rill 
ensure that they grip properly. The bolts that hold the two halves together should 
not be larger than I in. or f in., which will give ample grip. Each individual 
cleat should be about 2 ft. 6 in. long, and be chamfered off at the top to prevent the 
lodgment of small dirt, slime, etc. ; an umbrella of sheet-iron to keep ofi "water 
and deflect falling s'feones, etc., may also be provided. The class of wood will 
depend on the pit-water, and, provided it is hard, may be best left to the judgment 
of those who know the pit. The distance apart will depend on the weight of 
the cable. A cleat so dimensioned should not be loaded permanently with more 
than 7 owts., which gives a distance of 25 yards to 35 yards for heavy cables. 
[Glover d Co.'\ 


Where it is essential that current supply shall be uninter- 
rupted, as in pumping operations, where flooding of the workings 
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rnio-ht result from a cessation, duplicate cables are generally 
employed. These should be placed on opposite sides of the shaft, 
or, better, run in separate shafts. It is not desirable to place 
cables in upcast shafts, since the air therein is hot and foul. 

For distribution purposes underground, paper-insulated, lead- 
sheathed and armoured cables are quite satisfactory so long as 
moisture is excluded carefully at all joints. Special joint boxes 
have been evolved for mining service ; the filling compound must 
have high insulation resistance, and must be poured at the correct 
temperature to ensure its filling the box completely. Water in 
mines is frequently corrosive in nature, and hitumen-sheathed 
cables are often employed, since bitumen is unaffected by many 
materials which corrode lead. Paper-lead cables are very " cool- 
running,’ strong mechanically, and can be used in relatively hot 
situations so long as a suitable impregnating oil has been used. 
The chief disadvantages of bitumen are its brittleness when cold 
and its softness when hot, but the construction of bitumen cables 
has been much improved during recent years. Rubber cables are 
too costly for use except in making short connections. 

Permanent distributing cables underground should be placed 
where they will be subject to minimum risk of damage by falls 
or blows {e,g. beneath girders, etc.). They should he suspended 
flexibly by slings which, in the event of falls, will break before 
the cable itself is strained xmduly ; this may he secured by pro- 
viding a weak link in each sling. If slings be too far apart or 
subject to vibration, the cable sheathing is liable to be injured. 
Armouring, properly bonded and earthed, guards against shock 
accidents and provides an earthing path for apparatus at the far 
end. On the other hand, armouring may be forced through the 
insulation and cause a short-circuit when an unarmoured cable 
would survive the same rock-fall by yielding to it. The 
mechanical and electrical protection afforded by armoxiring may 
be provided on existing unarmoured cables by using split conduit 
bolted round the cable in situ, and suspended by chains or other- 
wise. Under the conditions usually existing in mines, multicore 
armoured cables are called for under Regulation 129. This 
regulation demands that, unless so placed or otherwise safeguarded 
as to prevent danger, all cables, other than flexible cables for 
portable apparatus and signal and telephone wires, shall comply 
with the following requirements : — 

VOL. III. 433 
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(a) They shall be covered with insulating material (except that the 
conductor of a concentric system may be bare). The lead sheath 
sheathed cables and the iron or steel armouring of armoured cables h ii 
of not less thickness respectively than is recommended by the ^ 
Standards Committee [i.e, the B.S.I.). ^^eering 


(6) They shall be efficiently protected from mechanical damage, and 
ported at sufficiently frequent intervals and in such a manner as adequat 
prevent danger and damage to the cables. ^ ® 

(c) Concentric cables, or two-core or multi-core cables protected by a metalli 
covering, or single-core cables protected by a metallic covering which shaJl ° 
tain all the conductors of the circuit, shall be used (i) where the pressure exceeds 
low pressure ; (ii) where the roadway conveying the cables is also used for meeh^^ 
cal haulage ; and (iii) where there may be risk of igniting gas, coal dust, or other 
inflammable material. 


Provided that if the medium-pressnre D.O. system is used (i) two single-core 
cables protected by metallic coverings may be used for any circuit if the said 
metallic coverings are bonded together by earth conductors so placed that the 
distance between any two consecutive bonds is not greater than 100 ft., measured 
along either cable ; and (ii) two single-core cables covered with insulating material 
efficiently protected otherwise than by a metallic covering may be used in gate 
roads (except in gate roads which are also used for mechanical haulage, or where 
there may be risk of igniting gas, coal dust, or other inflammable material) for 
the purpose of supplying portable apparatus. 

{d) Gables unprotected by metallic covering shall be properly secured by some 
non-conducting and readily breakable material to efficient insulators. 

{e) The metallic covering of every cable shall be (i) electrically continuous 
throughout ; (ii) earthed, if it is required by Regln. 126 (a) (§ 821, herein) to be 
earthed, by a connection to the earthing system of not less conductivity than 
the same length of the said metallic covering ; (iii) efficiently protected against 
corrosion where necessary ; (iv) of a conductivity at all parts and at all joints 
at least equal to 50 7o of conductivity of the largest conductor enclosed by 
the said metallic covering ; and (v) where there may be risk of igniting gas, coal 
dust, or other inflammable material, so constructed as to prevent as far as is 
practicable any fault or leakage of current from the live conductors from causing 
open sparking. 

Provided that where two single-core cables protected by metallic coverings 
bonded together in accordance with paragraph (c) of this Regulation are used 
for a circuit, the conductivity of each of the said metallic coverings at all parts 
and at all joints shall be at least equal to 25 °/o conductivity of the conductor 

enclosed thereby. 

(/) Gables and conductors, where joined up to motors, transformers, switch- 
gear, and other apparatus, shall be installed so that (i) they are mechanically 
protected by securely attaching the metallic covering (if any) to the apparatus; 
and (ii) the insulating material at each cable end is efficiently sealed so as to 
prevent the diminution of its insulating properties. Where necessary to prevent 
abrasion or to secure gas-tightness there shall be properly constructed bushes. 


Of the protective systems in general use, the Ferranti-Pield 
system (§ 352, Yol. 1) and the Ferranti- Waters system have been 
developed for use in mining circuits; and the various split con- 
ductor systems (§ 359, Yol. 1) can also he used. On dead-end 
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feeders, which form a majority in underground working, leakage 
protection of the core-balanced transformer type (§ 359, Vol. 1) is 
frequently used. Eor transmission between collieries both Merz- 
Price (pilot) and Merz-Hunter (split-conductor) protection is used. 
Leakage protection, to supplement overload protection, is widely 
used upon 3 -phase installations, and time lags, usually with an 
iuverse time / current characteidstic, are very generally employed 
with overload trip-coils.* 

820 . Trailing' Cables. — ‘Trailing’ cables, for connecting port- 
able macliines to the permanent distributing cables, are inevitably 
exposed to rough handling and consequent mechanical damage, as 
well as to corrosive action, acid or alkaline, from the floor on 
which they trail or are dragged ; ordinary methods of protection 
by armouring are inadequate and sometimes even dangerous. For 
this class of work, cables should be fireproof and as nearly inde- 
structible as possible ; asbestos and similar coverings secure the 
farmer property, whilst interlaced braidings of leather, whipcord, 
rope, and the like ensure the latter. Trailing cables should have 
flexible cores (§ 284) and an earthing core with at least 50 of 
the carrying capacity of one main conductor ; rubber insulation is 
generally" employed, and sheathed with vulcanised bitumen or cab- 
tyre sheathing (§§ 283, 287). On the efficient construction and 
maintenance of trailing cables the safety of the operatives largely 
hangs, and improvements are constantly evolved. Obviously any 
additional protection that increases the overall diameter also re- 
duces the essential flexibility, as in the case of the "cracore’ 
system. A flexible copper braid of ‘ f erflex ’ braiding is often used 
underneath the outer rubber sheath, and earthed with the earth- 
core, but the ‘ f erflex ’ is liable to break in course of time and 
may give a false sense of security. Repairs, which must in all 
cases be carried out at the surface (vide Reg. 131 (i) below), 
require extra care ; all joints must be vulcanised, and, in the case 
of ‘ ferflex,’ soldering is replaced by using an overlapping mat of 
braided copper, which does not render the joint hrittle.f 

Plugs for temporary connections should make no contact till 
the plug and socket shells have met to form a totally enclosed 
space round the contacts, and then the earth contact should be 
made first. Regulation 130 prescribes that — 


* Jour. LE,E., Vol. 373, p. 125. fEL Bevi^w, Nov. 4, 1927, p. 767. 
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(a) Flexible cables for portable apparatus shall be two-core or multi-core 
covered with insulating material which shall be efficiently protected from mechanical 
damage, II a flexible metallic covering be used either as the outer conductor of 
a concentric system or as a means of protection from mechanical damage the same 
shall not alone be used to form an earth conductor for the portable apparatus. 

(h) Every flexible cable for portable apparatus shall be connected to the system 
and to the portable apparatus itself by a properly constructed connector. 

(c) At every point where flexible cables are Joined to main cables a switch 
capable of entirely cutting off the pressure from the flexible cables shall be provided 

(d) No lampholder shall be in metallic connection with the guard or other metab 
work of a portable lamp. 

Regulation 131 (i) requires that — 

Every flexible cable shall he examined periodically (if used with a portable 
machine, at least once in each shift by the person authorised to work the machine) 
and if found damaged or defective it shall forthwith be replaced by a spare cable in 
good and substantial repair. Sucb damaged or defective cable shall not be further 
used underground until after it has been sent to the surface and there properly 
repaired. 

In his Report for 1926 ^ the Electrical Inspector of Mines caUa 
attention to a modification of the usual type of trailing cable. 

‘ While the true flexible cable, with a cab-tyre or tough 
rubber sheath, still holds the field and indeed is not likely to 
be improved upon for use with coal-cutting machines and for 
portable drills, where great flexibility is necessary, there is 
scope for another type of cable for other classes of coal-face 
machinery, such as conveyors. 

‘ With such machines, which are not locomotive, but 
which have to be moved forward either daily or at longer 
intervals, a cable having relatively less flexibility suffices, pro- 
vided it is sufficiently pliable to allow the surplus, which is 
necessary to permit the regular advance of the machines, to 
be coiled down, or otherwise conveniently stowed out of the 
way of the traffic. 

‘ Such, pliable cables are actually in use at several collieries 
. . . and have given complete satisfaction. Internally these 
cables are exactly like an ordinary trailing cable, but in place 
of the outer layer of tough rubber there is a sheathing of 
stranded galvanised steel wires which serves as the earthing 
conductor for the apparatus, having the requisite conductivity 
for that purpose, and also provides a strong harrier of earthed 


* H.ir. stationery Office. 
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metal between the live cores of the cable and the persons who 
have to handle it. 

‘Outside the stranded armouring there is a braiding of 
hard cord to check any tendency to bird-caging of the armour. 
. . . Plug connectors at each end of the cable are unnecessary. 

. . Instead, the cable is made off to cable dividing boxes, in 
which it can be properly sealed, and these boxes are bolted to 
the gate-end or other terminal fitting of the permanent cable 
at one end and to the machine at the other end. The hazard 
inseparable from the use of detachable plugs is thus eliminated, 
without the expense and complication of automatic electrical 
interlocks between machine and gate-end switch. 

‘ For equal duty this cable is little, if any, larger than a 
plain cab-tyre sheathed cable.’ 

821. Earthing* in Mines. — The subject of earthing has already 
been considered in connection with public supply undertakings 
(§ 354) I and in regard to traction see § 903. In mining work, 
owing to the confined space and the impossibility of keeping 
insulation perfect under all conditions, it is imperative to protect 
workmen from shock ; the majority of accidents in British mines 
have been due to inefficient earthing or to no earthing at all. 
Regulation 124 ( 0 ) prescribes that — 

Every part of asystem shall be kept ejBficienfcly insulated from earth, except 
that (i) the neutral point of a polyphase system may be earthed at one point only; 
(ii) the mid-voltage point of any system, other than a concentric system, may be 
earthed at one point only ; and (iii) the outer conductor of a concentric system shall 
be earthed. Where any point of a system is earthed it shall be earthed by connection 
to an earthing system at the surface of the mine. 

It is generally agreed that the neutral point of polyphase systems 
should always be earthed in mining practice ; the most tempting 
claim made for the ‘ unearthed neutral ’ is that it pernoits working 
to be continued with one fault on the system. This is most 
dangerous in mining work, and should he regarded as the very 
reason why the unearthed neutral system may not be used By 
using an earthed neutral and selective devices interrupting supply 
only in faulty sections, interruption occurs only when and where 
it is essential to safety. Regulation 124 (d) and Memorandum * 
thereupon specify that — 


See first footnote to § 813 supra, 
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Efficient means shaJl be provided for indicating any defect in the 
a system. 




{Memorandum ,) — The primary object of this Begulation is to ensure that d f 
of insulation shall not escape notice at any stage of their development. It rn f ^ 
be confused with the provision of a leakage protective device, such as that based^ 
the principle of core-balance for polyphase systems. A distinction must be recom*^ 
between insulated and earthed systems. For insulated systems a voltme^^^^ 
millianmieter, connected between each live pole and earth will give the requirT 
dication, provided the insulation resistance of the sound pole or poles is high relaf 
to that of the defective pole. ^ 


On high-pressure systems the capacity current may mask any small leak 
because the floating neutral point will approximate to earth potential. Ordinar 
candescent lamps may he utilised on low-pressure or medium-pressure systems^^ut 
an instrument is preferable. For earthed systems, a low-reading ammeter may b 
connected between the earthed point and the earthing system, if suitably protected 
against overload by a quick-acting switch to short-circuit the ammeter. Suck ^ 
instrument for A.C. systems will usually he connected to the secondary winding of a 
suitable current transformer. 


Obviously on a concentric system with bare earthed outer, no indication can be 
obtained of the state of the insulation while current is being used. It is particulariv 
important, therefore, that frequent tests shall be made with an ohmeter or by 
equivalent means. ^ 


As an aid to maintaining a high standard of insulation, a continuous indication 
of leakage is indispensable, such as that provided by a suitable chart-recording instru- 
ment. If properly utilised, such a record will be found invaluable in anticipating 
and thereby avoiding serious defects of insulation which would otherwise result in 
inconvenient interruption of the service. A continuous record must obviously be of 
much greater value than occasional inspection of an instrument dial, for many faults 
are intermittent and transient in their incipient stages. Whatever the means provided 
it should be checked periodically to ensure that it is in effective working ordef . It is 
generally assumed that for a 3-phase system with earthed neutral the ordinary over- 
load protection suffices for the purpose of this Regulation also, but a little consideration 
will show that such means cannot he relied upon to indicate any defect in the insula- 
tion of the system. A sensitive leakage protective device, however, affords a much 
closer approximation to. the requirements of this Regulation. 


Indicating the state of insulation of cables by connecting two 
lamps or groups of lamps in series with an earth connection between 
them at the middle point (§ 1031) is, at best, a rough method, and 
if both poles are faulty there may he no indication of the fact. 
Leakage from a system of mine-cables should not exceed one- 
thousandth of the maximum current supplied. 

Regulation 125 relates to the extent to which earth connections 
are to be provided in mines, and specifies that — 

(a) All metallic sheaths, coverings, handles, joint-boxes, switchgear frames, 
instrument covers, switch and fuse covers and boxes, and all lampholders, unless 
efficiently protected by an earthed or insulated covering made of fire-resisting 
material, and the frames and bedplates of generators, transformers, and motors 
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(including portable motors) shall be earthed b j connection to an earthing system at 
the surface of the mine. 

(5) Where the cables are provided with a metallic covering constructed and 
installed in accordance with Begin. 129 (e) (§ 819 herein), such metallic covering 
may be used as a means of connection to the earthing system. All the conductors 
of an earthing system shall have a conductivity at all parts and at all joints at least 
equal to 50 °/o of that of the largest conductor used solely to supply the apparatus 
a part of which it is desired to earth. Provided that no conductor of an eartiling 
system shall have a cross-sectional area of less than 0*022 sq. in. 

(c) All joints in earth conductors and all joints to the metallic covering of the 
cables shall be properly soldered or otherwise efficiently made, and every earth 
conductor shall be soldered into a lug for each of its terminal connections. ISTo switch, 
fuse, or circuit-breaker shall be placed in any earth conductor. 

This rule shall not apply (except in the case of portable apparatus) to any 
system in which the pressure does not exceed low pressure (250 V) D.C. or 125 "V A.C. 

In the official Memorandum* on these Regulations, it is 
explained that — 

(a) Although earthing is not compulsory, except in the case of portable apparatus 
where the pressure does not exceed the prescribed limits, it is nevertheless desirable 
where the pressure exceeds 50 Y A.O. or 100 V D.C., if the surroundings are such as 
to provide a conducting path of low resistance to earth. With regard to the earthing 
system at the surface of the mine, this should be designed so that the resistance of the 
earth connection may be tested periodically without interrupting the circuit between 
earth and apparatus. At least two separate earth connections should be provided, 
and a permanent earth test panel on the main switchboard will be found a great con- 
venience. The point of connection between earth conductor and earth plate should 
be open to inspection. If buried or otherwise hidden corrosion may proceed imdetected 
until some accident occurs. Eegarding the earthing of isolated motors in use above- 
ground, the Regulation does not specifically prohibit the use of more than one earth- 
ing system at the surface of the noine. If local earth-plates are relied upon it is even 
more important that their efiectiveness shall be proved by periodical tests. A con- 
tinuous earthing conductor is preferable, so that all apparatus may be earthed to the 
main earthing system. With regard to portable lamps, the lampholder itself, as 
distinct from the guard or other metal work, need not be earthed provided it is 
effectively shrouded with fireproof insulating material and is not in electrical contact 
with any other metal part of the fitting. All pendant lampholders, and especially 
switch lampholders, if they comprise exposed metal parts, should be earthed, even on 
systems falling within the exemption, if the floor or surroundings are of a conducting 
nature. Bor such places, however, it is better to use lampholders enoeised in insulat- 
ing material. 

(i) The acceptability of the metallic covering of a cable as the earthing 
conductor is suhj ect to the condition that the cable shall comply with Regulation 129 
(e) (§ 819 herein) which prescribes the construction and installation of armoured 
cables. These requirements comprise electrical continuity of the metallic covering, 
efficient protection against corrosion and a certain minimum electrical conductivity. 
It follows that all joints in the metallic covering must be efficiently and substantially 
made and that deterioration of the metallic covering must he guarded against. 
Metallic covering is defined in Regulation 118 to mean iron or steel armouring, and 


* See first footnote to § 813 supra. 
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from this it follows that a plain lead sheath, or a copper sheath, cannot in 
absence of iron or steel armouring be relied upon as the earthing conductor 
conductivity, however, of a lead-sheathed armoured cable may be taken to be 
combined conductivity of the lead sheath and armour, provided that both are util* I 
effectively by suitable bonding at evep?- point where the armour or the lead sheath^’ 
severed. Steel tape armour, which is relied on for mechanical protection for cab/^ 
laid in the streets, will rarely be acceptable as an earthing conductor for appanitm 
to comply with this Eegulation, because of its relatively poor conductivity. 'Witib 
tape-armoured cables some difficulty may be found in securing adequate conductivitv 
at points where the armour is severed for the puipose of connection to apparatus 
at joints. Flexible metallic tubing is sometimes used to enclose and protect insulated 
conductors ; while such enclosure may afford adequate mechanical protection it does 
not constitute an adequate earthing conductor, and is not acceptable below ground b& 
a substitute for armoured cable. The proviso, in the Regulation, of a minimum size 
of 0*022 sq. in. is important, and must be observed. . . . 

(c) The necessity for proper attention to joints must be obvious. Metal parts 
constituting a joint should be thoroughly cleaned, and any glands or clamps should 
accurately fit those parts of the cable to which they are intended to make connection 
Precaution should be taken to ensure the permanence of all such contact surfaces' 
Busting of bolts or corrosion of surfaces may seriously reduce the value of the contact* 
A separate earthing conductor should never be attached to a holt which also serves to 
fix the apparatus to its base, nor to a cover bolt, but it should be taken to an earthing 
terminal provided for that purpose. The connection must be permanently secure and 
dependable. The screw or other terminal on the apparatus for the earthing conductor 
should be of substantial dimensions and some form of looking device is generally 
desirable. Any discontinuity in the live circuit is soon evident, but an interruption 
or point of high resistance, in the earth conductor may escape notice until the occur- 
rence of an accident. The prohibition of a switch or equivalent device in any earth 
conductor does not exclude the use of a switch for testing purposes between the eartt- 
plate and the neutral or mid-voltage point of the system, nor does it prevent the 
installation of switches to earth the neutral point of one generator only at a time when 
several are run in parallel. 

Tests made by C. P. Sparks {Journal I.E.E., Vol. 53, pp. 399 
et seq.) indicated that more extensive earthing devices were necessary 
to safety than were suggested by earlier versions of the official 
Memorandum. It is not easy to make a satisfactory connection to 
earth below-ground even by an earth-plate buried in damp ground 
or in a water sump. An earth- wire, of section sufficient to carry 
the heaviest current which an accident may require it to transmit, 
is therefore taken to the surface and earthed there. Frequent 
testing is required to ensure that the path to earth remains 
unimpaired (§ 348, Yol. 1). 

The Evershed earth-circuit continuity-tester has been developed 
to provide an instrument which will carry , out the tests required 
by the Regulations ; the instrument consists of a spring- controlled, 
single moving-coil indicator, graduated in ohms, with a cell of the 
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nickel-iron type and a pair of leads with, testing spikes. The two 
ranges are usually from zero up to 0*5 and 0*05 respectively, by 
thousandths of an ohm. A current of about 5 A. is used on the 
lowest range. 

All connections to cable armouring or other earth conductors 
should be in parallel {never in series), and the earth conductors 
must be electrically continuous and of low resistance ; otherwise 
nominally earthed metal may attain a dangerously high potential 
Where the conductivity of armouring is insufficient [Regulation 
125 (6), swpra] for earthing purposes a separate earthing cable 
may he used, but it is safer and more convenient to use a special 
earthing core in the cable itself. A good earth connection should 
he considered of even greater importance than good connections in 
the supply circuit, and the ohmic resistance of the whole earthing 
system, including all its connections, must be as low as possible. 
The use of insulated cable with its connection to the earth-plate 
embedded in insulating material is by no means a superfluous pre- 
caution to eliminate the risk of the actual earth connection being 
corroded away ; enclosure in iron conduit prevents the connecting 
wire from being cut accidentally. Provision of two separate earth- 
plates permits of a resistance test from one to the other, and a 
multiple earth connection is further useful in limiting the temporary 
pressure rise occurring when a heavy earth current flows. The 
whole question of earthing in mines is discussed exhaustively by 
Sparks {loo. oil), and among the points emphasised by this author 
is the desirability of making several earth connections by a copper- 
ring main connected to steam condensers, circulating-water and 
feed pipes, and other metal work in direct connection with earth. 
Where it is not possible to follow usual power-station practice in 
this respect, the contact area of each coke bed should he materially 
greater than specified by the old versions of the Memorandum on 
the Regulations, and the coke bed should be carried down at least 
8 ft. below ground level. Tests show that the size of metal earth- 
plate is comparatively unimportant as compared with the area of 
the coke bed; to reduce the resistance of an earth connection, 
moisture should be supplied continuously, and the surrounding 
strata should be impregnated with salt at regular intervals (say 
of 1 month). If earth-plates are buried at insufficient depth, 
there may be dangerously high potential gradient at the surface 
when heavy current flows to earth. 
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822. Switchg-ear for Mining Work ; Motor Controllers.^ 

Switchgear generally has been fully treated in Chapter 16 (Td 
1) ; that used in colliery power houses follows the practice usual 
in central stations of similar capacity and using the same gene 
rating and distributing systems. Equipment of the steel plate 
cubicle type is very compact and reliable ; remote control k 
generally adopted where the generator or feeder controlled h 
rated at 2 OOO kW or over. Switchgear for use U7ideTgr(mnd 
must be of quite special construction, and the primary require- 
ments are that it should be very strong, reliable, flame-proof and 
‘ fool-proof.’ The construction must be such that men in cha^ 
can see at once whether the switch is on or off, and the sequence 
of operations should preferably be automatic, so that when the 
handle is in the ‘ ofl” position it cannot be put into the ‘running’ 
position without passing through the ‘ starting ’ position ; it musl 
he quick-acting, contacts must be large enough for the heaviest 
currents to be carried (the effect of low P.F. not being overlooked 
in this connection), and liberal clearances must be provided in the 
break itself and between all live parts and the earthed frame or 
casing. The fact must never be overlooked that in the event of 
a short-circuit a single circuit-breaker, rated for its own appa- 
ratus only, may actually have to carry the far greater current of 
the short-circuit ; e.g. a generator-breaker may have the whole 
station load thrown on it, with disastrous results if it is cut too 
fine. Accidental contact with live metal should be impossible, 
yet all parts must be easily accessible for inspection or repair. 
The draw-out type of totally-enclosed switchgear is superseding 
older types, each switch being completely isolated when drawn 
out. Any desired arrangement can be built up by assembling the 
separate units end to end. Often the switches are in chambers 
running out on bracket arms, or with a sliding carriage. Bus- 
bars should be enclosed in C.I. casings. 

According to Regulations 127 and 128 — 

127. Switchgear and all terminals, cable ends, cable joints, and connecMoas 
of apparatus shall be constructed and installed so that : (i) All parts sball be d 
mecbanical strength sniiicient to resist rough, usage, (ii) All conductors and 
contact areas shall be of ample current-carrying capacity and all joints in con- 
ductors shall be properly soldered or otherwise efficiently made, (iii) The lodgmeiit 
of any matter likely to diminish the insulation, and of coal dust on or close to 
live parts, shall be prevented, (iv) All hve parts shall be so protected or enclo^ 
^ to prevent accidental contact by persons and danger from arcs or short-oircuitB, 
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gfe or water, (v) Where there may be risk of igniting gas, coal dust, or other 
infiammahle material, all parts shall be so protected as to prevent open sparking. 

* 12?, («) Properly constructed switchgear for cutting oS the supply of current 
to the mine shall he provided at the surface of the mine, and during the time any 
cable is ^ person authorised to operate the said switchgear shall be available 
within easy reach thereof. Lightning arresters, properly adjusted and maintained, 
shall' he provided where necessary to prevent danger. 

Ih) Efficient means, suitably placed, shall he provided for cutting off all pressure 
from e^ery part of a system., as may be necessary to prevent danger. 

(c) Such efficient means shall be provided in respect of each separate circuit 
for cutting o2 all pressure automatically from the circuit or part or parts of the 
circuit affected in the event of a fault, as may be necessary to prevent danger. 

(d) Every motor shall be controlled by switchgear for starting and stopping, 
so arranged as to cut off all pressure from the motor and from all apparatus in 
connection therewith, and so placed as to be easily worked by the person appointed 
so work the motor. 

(e) If a concentric system is used, no switch, fuse, or circuit-breaker shall he 
plac^ in the outer conductor, or in any conductor connected thereto, except that, 
if required, a reversing switch may be inserted in the outer conductor at the place 
where the current is being used. Nevertheless, switches, fuses, or circuit-breakers 
may be used to break the connection with the generators or transformers supplying 
the electricity; provided that the connection of the outer conductpr with the 
earthing system shall not thereby be broken. 

^oney expended on first-class switchgear of ample capacity is 
well invested, and may repay itself in a moment in case of emer- 
gency, when the difference between good switchgear and the best 
may be that between safety and serious breakdown. 

^ Ironclad ' switchgear, with bax*e conductors enclosed in flame- 
proof compartments, is very suitable for nnderground use. The 
component parts should be so interlocked that the easing can only 
he opened after opening the isolating switches, and so that no metal 
can be made live till after it is effectively enclosed. Oil-immersion 
is an absolute preventive of open sparking at contacts, but is prac- 
tically limited to A.C. gear, since D.C. maintains the arc and causes 
carbonising of the oil. Without oil-immersion, it is impossible to 
prevent ignition of explosive gases inside the casing and, as in the 
case of motors (§ 818), it is impossible to prevent such gas, when 
present, finding its way inside the casing. Conseq[uently the cas- 
ing must be strong enough to withstand internal explosions up to 
the maximum pressure (160 Ih. per sq. in.). To limit and confine 
the effect of explosions occurring inside switch-boxes, preference 
should be given to designs which provide little free space in which 
gases may accumulate ; for the rest, the casing must be strong and 
have wide metal-to-metal joints (without packing) permitting gas 
^cape without propagation of flame (§ 812} . At flanges and joints, 
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and where spindles pass through the case, the width must be ai 
least 50 mms. and the gap not over 0*5 mm. Conduit should 
taken into switch-hoxes through flame-proof glands, othenri^ 
there is danger of explosion being carried from box to box throngi 
the conduit. 

Motor control generally, including liquid controllers, is d^i 
with in Chapter 29. Remote and automatic control is often ^ 
sible underground, but the warning against delicate or easil? 
deranged apparatus may be repeated here. Trips should operate 
to isolate any circuit in which the insulation fails. Automatic 
switches should he of the ' free-handle ’ type, so that they caimc^ 
be held ' in ’ on a fault. Usually an ammeter is all that is required 
in the way of instruments on motor-control or distributor paneb 
below-ground ; instrument transformers are to he avoided. 

Applications of Electricity in Mining. 

823. Distribution of Power Demand. — Colliery owners in 
this country are required to advise H.M. Inspector of Mines of 
their intention to introduce fresh apparatus into any mine, and 
are also required to render an annual return, giving the size and 
type of apparatus in use and certain specified particulars concern- 
ing its use (Regulation 119). From the information thus collected 
annual summaries are published showing the aggregate horse-power 
of electric motors used for various purposes in coal and metaUiferons 
minea These summaries are generally to be found in The Mectri- 
ml Review. Table 177 herewith ^ compares the figures for the 
years 1912, 1926 and 1931. Of 2 243 mines at work (in 1931} 
1 409 used electricity, and there has been a remarkable increase in 
the application of power since 1921. Regional analyses of the 
figures will be found in the official Report. 

824* Ventilation of Mines {see also § 826). — An ample and 
uninterrupted supply of fresh air is literally of vital importance in 
every coal mine. The load provided by the fans is considerable 
{see Table 177, § 823), and by reason of its high load factor it is very 
valuable to the power-station engineer, particularly in private 
generating schemes. A good deal has already been said concern- 
ing the power requirements of fans (§ 764) and the passage of m 


* Reports of tli© Electrical Inspector of Mines, 1926 and 1931; also, Jomn. 
JJS.E., 378, p. 124 (Prc^^ress Report, 1927). 
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tlirouo-ii ducts (| T65), and the fundamental principles there laid 
diiwn^are equally applicable to colliery ventilation schemes. The 
Tx>ints of chief present interest are the type of fan and motor to 
be employed, and the arrangements to be made for speed control. 
It may be taken that ventilating fans will always be driven 
electrically wherever current supply is available, owing to the 
convenience, eIBciency, and reliability of this method, and the value 


Table 177. — B.OTse-'pomeT of Electric Motors iristalled for 
various purposes in all Mines governed hy the Coal Mines 
Actj 1911 ; comparison between 1912 and 1926 and 1931. 


Parpose, 

Horse-power of Hotors Installed. 

1912. 

1926. 

1931. 

Above-ground : 

Winding 

Ventilation . 

Haulage 

Washers and screens 

Ocher purposes 

23 895 

30 894: 

23 754: 

43 570 
71975 

132 669 

109 612 

71 883 

132 234 

321 802 

160 307 

121 094 

79 422 

166 669 

345 223 

Total above-ground 

194088 

768 100 

872 615 

Belem-ground : 

Haulage 

Pumping 

Portable machinery 
other purposes 

130025 

144 318 
31038 

11 287 

356 727 

365 191 

103 763 

26 364 

398 944 

397 832 

112 367 

62 278 

Total below-ground 

316 668 

852 045 

960 921 

Aggregate Total 

510 756 i 

1620145 

1 833 636 


of the load in improving the average annual load factor. High- 
speed, centrifugal fans direct-coupled to high-speed motors form 
a much cheaper and more compact equipment than the large- 
diameter, steam-driven fans formerly standard. Owing to the 
extreme importance of continuous ventilation, it is generally 
desirahle to install duplicate equipment; if this is not done for 
every fan, it must at least he secured that a certain minimum 
amount of air can be driven through the workings under any 
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contingency humanly possible {see also § 825, re ventilati 
motor rooms). Fans are generally in duplicate as a saieZ.t 
against breatdoira and to enable repairs to be effected witho^ 
terrupting the ventilation. Frequently one fan is driven electriil? ' 
and the other by steam as a further safeguard. 

A fan serving a fully developed section of the working neoA, 
simply to be driven at constant speed day and night, with perk 
ten minutes or so stoppage at week-ends for overhaul ; dependi^ 
on the working programme and circumstances of the pit concern^ 
it maybe possible toreduee the fan speed during the wholeweek-eS 
period. Generally, however, a fan serves workings which are con- 
tinually extending, so that during a period of three or four years the 
output of the fan must beinereased at intervals thl an additional fan 
ventilatmg shaft are justified. A shunt or compound-wound 
R.C. motor (§§ 675 677) may be used in either ease, speed control 
teing obtained by shunt field variation; but this involves installa 
tion of a rotary converter in the fan-house, unless the latter is so 
near the pit-mouth that it can be served economically from the 
D.G. mains generally provided there for lighting and variable- 
speed motor service. Synchronous A.C. motors (§ 679) are onlv 
smteble for fans requiring no speed variation and for cases in 
comparatively difficult starting of synchronous motors 
/I oQQ\ objection.* Generally, slip-ring induction motors 

683) are employed, possibly with the addition of phase advancers 
or power factor improvers (§ 695). Like some other A.C. motors 
mduchon motors a.re inherently ill-adapted to speed control (8 725)’ 
but where a fan is ventilating partially developed workings the 
only alternative to wasteful throttle control of air supply is 
variable fan speed, and the long period during which reduced 
s^d IS required makes it essential that the speed reduction he 
o tamed by efficient means. Comparatively coarse speed control 
IS preferable, under these circumstances, to finer speed control but 
ower efficiency. Several alternatives present themselves The 
fan may be driven through ropes instead of by a direct-coupled 
mo r, e pu ey ratio being changed from time to time ; a small 

requirements justify 

installation of the fuU-power machine. There is no technical im- 


€»OTecfeicai^0hflit6i^*™^ P^ioularly valuable in suob oases for power-facto 
oonecfeiou (Chapters) up to 0-80 leading, at full load (Jb«r. I.E.E., 63,^522). 
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possibility in using a simple slip-ring motor with rotor resistance 
control, but the continuous loss in the rotor rheostat during the 
months or yeara of reduced-speed working represents prohibitive 
waste. Various systems have been devised to utilise the 'rotor- 
slip energy ’ in auxiliary motors or otherwise, instead of wasting 
it in J-jK losses. In the ordinary cascade system of control (§ 727) 
‘ slip energy ’ from one motor is used in a second motor which 
adds its mechanical output to that of the iirst. In other systems 
A-C. commutator motors, motor-generator sets, and transformers 
are used in various combinations to render slip energy available 
as mechanical energy or as electrical energy returned to the mains. 
Though more complex equipment is required, such special systems 
are frequently justified by their effect in raising P.F. to unity and 
by the uniform speed gradation which they provide. In a 
certain case from practice, speed regulation from 10 to 25 7o by 
rotor resistance gave a motor efficiency from 73 to 87 7o’ whilst 
various special systems of utilising the rotor-slip energy gave 
efficiencies from 83 to 94 7o ^or the same power and speed range, 
in addition to raising the fan motor P.F. to unity. 

In Bulletin No. 144 of the University of Illinois Engineering 
Experimental Station (July, 1924), Messrs. Arthur J. Hoskin and 
Thomas Fraser give formulae for ascertaining the approximate 
H.P.-hours required for various mining purposes, which we quote 
in their appropriate paragraphs. For D.C. ventilation : — 

H.P.-hours = water-gauge reading at air shaft 

X 5*2 X q X 24/33 000 x / x e x h 
where ^ = cu. ft. of air circulated per minute, 

/=fan efficiency (0*5 to 0*7), 
e — mechanical efficiency of motor (0*85 to 0*87), 
h — mechanical efficiency of engine-generator set (0*82 to 
0*85). 

For A.G. it is necessary to add in the denominator (where they are 
present) the efficiency of the motor-generator (0*82 to 0*85) ; the 
transfoi-mer (0*95 to 0*98) ; and / or the rotary converter (0*90 to 
0*97). 

^5. Ventilation of Underground Motor Rooms. — Where 
laige pumps are required, they may well be located in under- 
ground chambers hewn out for their accommodation. Ventilation 
of such chambers is an important consideration owing to the 
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considerable power dissipated as heat by high-power motors 
transformers, even when of high efficiency. An nndergron^ 
pump room, for instance, may contain high-lift centrifugal pim 
needing from several hundred to several thousand H.P. on 
load. A 1 OOQ H.P. motor at 95 7o efficiency loses 50 H P 
heat, i.e. about 2 150 B.Th.CJ. per min. (§ 50), or enough to raise 
about’ 150 Ih. or 2 OOQ cu. ft. of air per minute through 60° F 
(taking the specific heat of air to be 0-24 and its weight 0*075 lb* 
per cu. ft.). If the mean temperature rise of the air be limited to 
35° F. (corresponding, of course, to considerably higher tempera- 
ture rise of the motor windings), the volume of air required for 
ventOation is €0 x 2 000 / 35 or 3 450 cu. ft. per min. per 1 000 
H.P. This corresponds almost exactly to the 10 000 cu. ft per 
min actually provided in a certain pump room containing motors 
totalling 2 900 HP. Transformers are of higher efficiency than 
motors, and pump motors are the most powerful units installed 
below-gronnd, so that the ventilation of pump rooms is a more 
serious problem than that of ventilating other underground 
motor rooms or substations. Nevertheless, the same general 
considerations apply in all eases, and the above method may be 
used to estimate the volume of air required for ventilation. Air 
for this purpose should be drawn from the downcast shaft, and 
it is generally worth drawing it through filters by centrifugal fans, 
sheet-metal ducts being used as airways. By this means dust is 
prevented from accumulating in the motors and other equipment. 

826. Pumping: in Mines. — The importance of removing water 
from pits is second only to that of supplying fresh air to the workings, 
and, as shown by Table 177 (§ 823), pumping constitutes, intbe 
aggregate, the most important electrical load in British collieries. 
Some pits are very dry, but others are equally wet, and it may be 
necmary to remove anything from 20 000 to 200 000 gallons of 
water per twenty-four hours from the workings. In the anthracite 
mines of Pennsylvania the conditions are far worse,* and it is 
reckoned that the average weight of water pumped is approxi- 
mately 20 tons per ton of coal raised, with an average depth of 
about 500 ft., while during flood times it may rise to 100 tons per 
ton. Due to its magnitude, the pumping load can be made to exert 
a very beneficial effect on the load curve of the colliery as a whola 


* I*ower (New York), Vol, 66, Aug. 23, 1927. 
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For instance, the provision of large sumps may permit pumping to 

confined to shifts in which no coal is raised. By thus limiting 
the pumping hours, the average pumping H.P. is naturally increased, 
and it is easy to arrange that the daily load curve is smoothed out 
considerably. Even where the inflow of water is so great that 
continuous pumping is essential, it is possible to vary the rate of 
pumping to the advantage of the load curve. Where temporary 
c^sation of pumping would result in flooding the workings, pump- 
ing sets and their supply mains must be duplicated, so as to reduce 
the risks of total breakdown to a minimum. Yertical-spindle cen- 
trifugal pumps, direct'coupled to waterproof motors, are convenient 
for use in sinking shafts, and various portable pumping sets are 
available for special purposes. For permanent pumping installa- 
tions, multi-stage centrifugal pumps are compact and suitable for 
direct driving by high-speed electric motors ; they are available 
for heads up to 2 000 ft. or more. Three-throw plunger pumps 
electrically driven through single-reduction gearing are sometimes 
preferred to the centrifugal type. A rough rule hearing on this 
matter suggests that rotary pumps be preferred where the gallons 
to be raised per minute equal or are greater than the head (in feet), 
whilst ram pumps be used where the gallons per minute are less than 
the head in feet. (See also §§ 768 et seq.) 

Pumps capable of working when totally submerged were de- 
veloped originally for marine salvage work, and are also applied 
in mining both for de- watering drowned shafts and for dip workings 
where the water level is liable to unexpected variations. In these 
the windings are waterproof and the rating can be extremely high, 
owing to the heat being carried away by the water from the motor. 

Tflie automatic operation of mine pumps f is in use in America. 
With plunger pumps this offers no difficulty, as they are self -priming ; 
and the same remark applies to turbine or centrifugal pumps when 
they are permanently below the intake level. Where this is not so, 
automatic apparatus has been designed to fulfil the double function 
of starting and priming when the water level renders it necessary. 

Messrs. Hoskin and Fraser J give the following formula for 
finding the H.P.-hours required in D.C. pumping: — 


Fig. 51, § 266 (YoL 1), a, sewsbge pumpmg load, which is analogous, is 
included in the load curve to illustrate the good diversity and load factors. 
fNew York), Aug. 23, 1927. 
tSee, reference in § 824. 

Yoii. in. 
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H.P.-hours = Gal. per day x 8*3 x depth in ft; 

X r / 60 X 33 000 x -p x e x A, 
where r = water-pipe resistance factor, 

p=pump displacement: percentage of theoretical (60), 
e = mechanical efficiency of motor (0*85 to 0*87), 
h = mechanical efficiency of engine-generator set (0*82 to 0*85) 

For AC. it is necessary to make the additions referred to in S 824 

827 . Winding, General.— The only reasonable conclusion to 

be drawn from the mass of arguments and data published during 
the past twenty years or so concerning the relative merits of 
steam and electric drive for pit-shaft winding gear, is that neither 
system is invariably the better. Where there is already a reason- 
ably good steam winding engine at work it is difficult to make 
out a commercial case for electrification ; the best course in such 
a case may be to install mixed-pressure turbo-generators (§ 81?) 
to utilise exhaust steam from the winding engine ; but this is 
merely a palliative which ‘ perpetuates wasteful machinery and 
only reduces the waste/ as Mr. Woodhouse remarked .in his 
inaugural address to the I.E.E. (1924). Where a new shaft is 
concerned, the points to be borne in mind are that electric wind- 
ing gear is costly (including a due proportion of the power-house 
outlay, the cost is sometimes estimated as twice that of steam 
winding goar), hut, on the other hand, electric winding reduces 
stand-by losses and effects notable economy during acceleration 
and retardation periods. Electric winding therefore shows to 
special advantage where the load and plant factors are low and 
where accelerating and retarding power is particularly important 
owing to winding gear being heavy or the winding depth shaUow. 
Maximum rope speeds up to 4 000 ft. or more per min. are 
obtainable by electric winding ; the latter permits with economy 
a higher average winding speed than is possible with steam 
winding, particularly in shallow shafts, and it is easy to arrange 
a complete and automatic series of safety devices where electric 
winding is practised. Conditions vary so widely that the 
probable annual cost of steam and electric winding should be 
estimated carefully for each particular pit, taking full account of 
the proposed working schedule and the incidence and magnitude 
of other loada There are few if any cases in which efiective 
comparisons can be made between existing steam and electric 
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wicdino* installations ; if such be attempted they should be based 
on loBg a. period as possible, say on annual totals and averages. 
\Teil-established advantages of electric winding are savings in 
brake and rope maintenance ; simple control ; fuel economy (in 
mast cases) ; and increased coaLoutput per shaft (a very important 

consideration). 

Winding may account for from 20 up to 70 °/^ of the total 
coliiery load, according to the depth of the shaft, the output and 
the stage of development reached ; the load is necessarily inter- 
mittent and very variable, with high peaks and a bad load-factor. 
Messrs. Hoskin and Fraser ^ give the following formula for finding 
the E.P.-hours required for D.C. hoisting: — 

H.P. ills. = daily tonnage (short ton) x 2 000 x hoisting depth (feet) x s / 33 000 x 

60 X 5 X 

where s = shaft resistance factor (1*05), 

e = mechanical efficiency of motor (0*86 to 0*87), 
h = „ „ of engine-generator set (0-82 to 0*85). 

For A.C. it is necessary to make: the additions referred to in 
§ 824 

The efficiency of winding depends on a number of factors ; on 
the shaft efficiency ; number of conversions between supply and 
rope, including generator, gear, sheaves, etc. ; rheostatic and other 
control losses ; form of winding cycle and depth of wind, affecting 
the ratio between full power periods and control or braking 
periods. Theoretically (at 100 7o efficiency) 1 kWh will raise 
1 185 ton-ft., equivalent to O' 845 kWh per 1 000 ton-ft.f In 
practice, taking the product of the depth by the net or unbalanced 
tons hoisted, it is found that the average consumption in main 
shaft winding varies between 1-| and 2 kWh per 1 OOO ton-ft., 
the higher figure applying to short, fast winds where acceleration 
is responsible for an unduly large proportion of the total. The 
efficiency therefore ranges between 42 and 63 The means by 
which may be calculated the ‘shaft H.P.’ theoretically required 
is explained in paragraph 831. Theoretically, the kWh consumed 
by the winding plant == 0*75 x shaft H.P.-hr. (assuming 100 7o 
efficiency); actually, up to 1*5 kWh per shaft H.P.-hr. may be 
required by modem electric winding equipment (2 kWh per shaft 
H.P.-hr. indicating too low efficiency). Tests made on the 


* See reference in § 824. 
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Continent a few years ago indicated that a number of modem 
steam-winding installations used 30 to 60 lb. steam per shaft 
H.P.-br., and that (Lb. steam per shaft H.P.-hr.) = 15 x tWh 
per shaft H.P.-hr. On the latter basis of conversion, 1-5 _ 

22*5 lb. steam per shaft H.P.-hr., which is less than observed b 
any of the steam installations tested, and thus justifies the claim 
made for fuel economy obtainable by electric winding. 

The various systems of electric winding and the allied problem 
of flywheel storage (§§ 828-9) are worth dealing with in some 
detail, because the difficulties encountered and the means whereby 
they may be overcome are common to other heavy and fluctuatim 
industrial loads, e.g. rolling-mill drives (§ 778). Both D.C. and 
A.G. motors are used to drive winding gear; D.C. machines are 
preferable in respect of starting characteristics and speed control 
{see Chap. 28), whilst A.C. motors operate directly on the supply 
system found most convenient for generation and distribution for 
industrial purposes (§§ 465, 814). The power required for wind- 
ing purposes is so considerable that one may safely assume supply 
to the winding house itself to be in the form of 3-phase, high- 
pressure A.C. This supply may or may not be converted to D.C. 
for the winding motor according to which of the following systems 
is employed. The simplest arrangement consists of a 3-phase 
induction motor, direct coupled or (better) geared to the winding 
drum, and controlled hy variable rotor resistance (§ 723). 
Mechanically, this arrangement is simple and efficient, but the 
ohmic losses in the control-resistances are serious, and the full 
‘peak’ load on starting and accelerating (§ 831) falls directly on 
the mains, hence this system is not recommended for large winding 
gear. 

liquid controllers (§ 739) of the lifting electrode or, preferably, 
of the weir type are used ; the latter having advantages in regard 
to setting the maximum acceleration. Slip-ring motors are 
generally used, hut the cascade motor has advantages in the 
matter of starting torque, efficiency and low starting current. 
When supply is taken from a large-power network, direct-geared 
windi^ motors may be permissible up to 500 or 600 H.P., corre- 
Sf^nding to peak loads of say 1 500 H.P. For larger sizes of 
winder, with higher speeds consequent on greater depth of shaft, 
the Ward-Leonard system of control (§ 716) is most often used, 
as the increased efficiency is found to oflset the extra cost, and 
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automatic control from the depth indicator is possible. (See also 
next para.). According to Stjernberg,^ if the value of MS J (Q2^) 
exceeds 0*22, Ward-Leonard control is preferable and above 0*3 
iot-iispensable, where — 

M = equivalent mass reduced to lope 
= \ 7 eight in lb. / gravity coefficient, 
iS = depth of shaft in. feet, 

Q — useful load 4- friction, in lb., 

T = net time of wind in seconds. 

The position, however, is rapidly altering in view of the far 
oreater capacity of modern power companies’ generating stations 
and the policy of inter- connection. In his inaugural address as 
President of the I.E.E.-f Mr Woodhouse remarked : — 

* In the past, moreover, a public supply on a sufficiently large 
scale was rarely available, and the special devices necessary to 
reduce the peak loads were costly. To-day, in all the principal 
coal fields, a public supply is available on a scale which no longer 
need be concerned with the variations of load, and the simplest 
type of motor may be fitted and supplied from the general system 
without difficulty.’ 

828 . Winding* ; Fl 3 rw'heel Storage. — Peak demands eq_ual to 
two or three times the mean H.P. have inevitably to be snpplied 
at the winding drum during accelerating periods, and when these 
peaks amount, as they frequently do, to something of the order 
of 2 000 or 3 000 H.F. means may have to be taken (in some 
cases) to relieve the central station and transmission line of the 
adverse effect of such loads on voltage regulation and section of 
copper required. Buffer batteries might be used, but flywheel 
storage (§ 751) is better suited to the loads and general conditions 
concerned. 

This is well illustrated by the normal H.P.-time diagram 
(Fig. 391) of the Metro vick 3 000 / 7 500 H.P. double-motor, B.C. 
winder, with "Ward-Leonard control and flywheel set, installed at 
one of the collieries of the Carlton Main Co. near Doncaster, J At 
the time of its installation, this was the largest in Great Britain ; 
the following details are quoted from the source mentioned : — 


* Journal I.EJS., ToL 46, p. 192 et seq. 

+2S«3., Vol. 63, p. 4. 

tMeiropolitan- Vickers Qazette, Vol. 10, No. 177, and El. Seview, December 
16, 1927, p. 1025. 
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The shaft at whici: the equipment is installed was a new one and the wi A 
first used for sinldng opeiations. The main working conditions to which 
was designed are as follows : — wiuiiei 


Depth of shaft 

Weight of cage and chains 

Weight of one tub . 

Net load of coal per cage 
Output per hour 
Type of rope . 

Diameter of rope 
Type of dmm 
Small diameter of drum . 
Large diameter of drum , 


2 610 ft. 

17 196 lb. 

728 lb. 

14 780 lb. 

300 tons 
locked coil 
2 ins. 

Li-cjlindro-conical 
16 ft. 

26 ft. 


50CO 


Actual Po^er used in H^/nd 



Power teken 
f Prom Line 


Seconds 

jPiG, 391. H.P.-tinie diagram for winder under normal load. 


The two winder motor units are disposed on either side of the drum. They are 
type machines with commutating poles and separately excited shunt field. 
Jtach umt is 13 ft. 4 ins. in diameter and weighs 67 tons. They operate at 49*6 
r.pun m series connection on a 1 000 V supply from the motor-generator set. 
noi^ H.P. / time diagram for the motor is shown in Pig. 391, which gives a striMm 
indication of the effect of the flywheel in eliminating the peaks, so as to obtain m 
appmximately constant load demand throughout the wind. The set is capable of 
dealing with a maximum peak of 7 500 H.P. and of sustaining an overload of 25 »/ 
for two hours. The connections of the machines are so arranged that in ca^ J 
emergency the winder can be driven by one motor and on the supply fmm one 
generator of the motor-generator set. 

^ The motor-generator set consists of a slip-ring induction motor of 1 540 H.R 
dnving two 1 066 kW, 500 Y direct current generators connected in series, and a 
solid s^l flywheel of 23 tons weight and 12 ft. diameter, mounted between fee 
generators. The induction motor is of the open protected type, with inside slip- 
rings and rushgear suitable for continuous running. Its synchronous speed is 750 
geiieratois are of the open compensated type. Their OTexload capad^ 

^ ^ hours, or a momentary peak cd 

^ 240 k W fot&l for tile liwo niAcliiiies. 


464 



ELECTRICITY IN MINING 


§ 838 

The flywheel is of the Metropolitan- Yickers special disc type, of cast steel. It 
iinpierced at the centre, being carried on tw'o jack shafts which are attached to 
the wheel by spigotted flanges, arranged so that the torque is transmitted through 
kevs and not through the fixing studs. The wheel is provided with a planished 
stil guard over its upper part, while the lower portion runs in a pit in the founda- 
tion. In this way air resistance is reduced to a minimum. The energy delivered 
bv ihe wheel during a 15 speed is 45 000 H.P.-secs. 

The principle employed in all flywheel storag-e systems is that 
a flywheel is brought up to speed during periods in which the 
working load is less than normal, and is slowed down during 
periods in which the working load is greater than normal. Whilst 
being accelerated, the flywheel absorbs energy and thus fills in the 
‘ hollows ’ of the curve representing the demand on the supply 
mains ; and, on the other hand, whilst being retarded, the flywheel 
gives up some of its stored kinetic energy and thus lowers the 
‘ peaks ’ of the net demand curve. When it is a question of 
dealing with hundreds or thousands of horse-power, very heavy 
flywheels must be used, and they must be driven at the highest 
safe peripheral speed (since the energy stored varies with the 
square of the speed). Cast wheels naay be run at 17 000 ft. per 
min. in large sizes, up to 23 000 ft. per min. in small sizes ; whilst 
disc wheels built of armour plate may safely be run up to 25 000 
ft. per min. or even faster. Flywheels used in connection with 
the winding equipments described below are often 6 to 14 ft. in 
diameter, weigh 5 to 30 tons, and store sufficient energy to permit 
two or three winds to he made with full load after current supply 
has been interrupted by some mishap. Bearing and windage 
losses associated with running such wheels at very high speed are 
by no means negligible, and, during shifts in which little winding 
is to be done, it may pay to shut down the flywheel set and work 
at suitably reduced speed without ‘ equalising ’ the demand. The 
following notes concerning the predetermination of flywheel size 
are instructive. 

The most convenient method of calculating the sizes of the various machines is 
to take first the load diagram ; thence the size of vending motor follows at once 
(fciM>mng its overload capacity and the mean H.P. required). The generator may be 
laade 10 larger, since it has to supply the motor losses. Add to the load diagram 
the instantaneous losses on. the whole cycle. When the winding motor returns 
©Mrgy during retardation, the motor-generator losses must he subtracted from the 
bad diagram. This gives the generator-input diagram and hence the induction 
motor input. The total H.P.-secs. input is calculated from the various loads and 
fceir duraiiion, and this total divided hy the time per trip (including banking periods) 

the average input. Loads in excess of this average are taken by the flywheel. 
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The weight of the flywheel in lb. = 35 400 x flywheel output fH P 
[(max. veloc.)2 - (min. veloe.)^], both velocities being taken at the mdius of 
(= 0* 707 X radius, for disc wheel). The flywheel output is that calculated 
output diagram. The output demanded by the induction motor will be rm^Jr 
as found from the diagram + windage and friction losses + average slin r 

loss (Le. half the maximum loss) + power required to drive the exciterl ^ 

cuiating the bearing friction, the coefficient of friction may be taken as 0* 004 
windage loss (in H.P.) for smooth, uncased wheels = 0*051 3 ? 2*5 v 
(1 + 0- 465 /10», where V = peripheral speed, ft. per see. ; Z) = wheel aiZ\ 

it.iB = wheel width, ft. (&JS1.C. Mining Bulletin). 


Eneloaure by a suitable casing materially reduces windaffe 
losses at high peripheral s^eds. Flywheel storage shows to 1)^ 
advantage where winding is frequent and from shallow depths- 
acceleration and deceleration periods then form a maximum per’ 
eentage of the total worHng time, and losses in the ‘ equalisiiw’ 
apparatus become of minimum importance. ^ 

829. Winding- Systems utilising Flywheel Storage.— TJsiiw 
an induction motor, geared directly to the winding-shaft, tb 
simplest method of applying flywheel storage is to drive a suitable 
flywheel (chosen as above) by a shunt-wound I).C. motor the 
latter being supplied from the A.C. mains through a rotary’ con- 
verter and, if necessary, a step-down transformer. It is arranged 
that, when the demand on the A.C. mains reaches a predetermined 
maximum, the field of the flywheel motor is strengthened ■ this 
causes the flywheel set to slow down, the motor meanwhile acting 
as generator and returning energy, through the rotary converter, 
to the mains. During light-load periods the field of the flywheel 
motor 18 weakened automatically and the flywheel is consequently 
accelerated. The maximum H.P. demanded from the mains is the 
difference between the peak winding-H.P. and the H.P. developed 
by the equaliser set. This system of ‘ equalising ’ does not preclude 
^ding at reduced load or speed without flywheel storage, should 
the equaliser set break down. A further advantage is that the 
rotary converter can be operated at leading P.F. to correct for 
agging P.F. in the winding motor. The equaliser set need not 
be placed near the winding motor (though the length of circuit in 
which the ‘ peak' current circulates should be a minimum) : it may 
serve several winders if desired. 

winding system, is estimated to be used in more 
than 75 % of large balanced electric winding equipments. It 
consists m a combination of the Ward-I^eonard mjstem, oi DC. 
motor eontrol (§ 716 ) with flywheel storage. The whole supply 
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for the winding motor is taken through a motor-generator, consist- 
ing of a 3-phase motor and a D.C. generator, the latter capable of 
held, and therefore voltage, regulation from zero to a maximum 
positive or negative (say ± 600 V). The generator is permanently 
coupled to a separately excited D.C. motor, so that any winding 
speed from " inching ’ (for shaft inspection) up to the naaximum in 
either direction is obtainable by varying the generator field. A 
i;^’wheel on the motor-generator shaft equalises the demand on the 
mains. Speed reduction of the fi 3 rwheel set (to permit the dywheel 
to yield its stored energy) is obtained by increasing the slip of the 
Eiotor driving the set. The obvious method of doing this is to 
insert rotor resistance automatically, as the demand of the winding 
motor increases ; but it is better to utilise the slip-energy in an 
auxiliary A.C. commutator motor (returning energy to the line or 
adding its output to that of the motor controlled, § 728), rather 
than dissipate it as heat in ohmic losses. In addition to improving 
the P.F. of the induction motor, this system of control saves about 
90 of the energy othervrise wasted in slip resistances, and gives 
the induction motor the characteristics of a D.C. compound-wound 
machine. Where slip resistances are used they may conveniently 
be of the liquid type : there are various methods of operating the 
rheostat switches, one being by means of an induction motor con- 
nected to the secondary of a transformer, the primary of which is 
in the main circuit. Since the energy stored in a flywheel varies 
with (velocity) 2 , the output of the flywheel varies with the dififerenee 
l^twoen the sq'iMires of its initial and final velocities (and Tiot in 
direct proportion to the slip of the motor driving the equalising 
set). The greater the slip, the lighter the flywheel required for 
specified equalising effect, but also the greater the slip losses, if 
simple rheostatic control be employed. The more frequent the 
winds, the more serious are slip-regulator losses, and the less serious 
are the friction losses in the flywheel converter set. 

Speed control and reversal of a winding motor operated on the 
ligner system are entirely by variation in the D.C. generator field, 
and the main control lever, brakes, and other parts of the equip- 
ment are so interlocked as to secure absolute safety. For instance, 
the main control lever is interlocked with a depth indicator so that 
overwinding or too rapid acceleration are impossible ; full current 
(^mnd: be applied to the winding motor whilst the brake is full on, 
and conversely the brake cannot be applied while full current is 
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flowimg; the emergency brake— which may be applied by hanH 
by failure in the air pressure which normally holds it ‘off’- K 
overwinding; by serious overload; or by interruption in cmt * 
supply — cannot be reset till the controller is ‘off’ and the wort* 
brake " on/ 


The great disadvantage of the Ilgner system is that it involv 
two auxiliary machines, each of which must be of the same caDaritt 
as the winding motor itself; also, a breakdown in the con^rt; 
set mak^ wmding impossible except as regards the one or Un 
winds wbieh mav Iia Vitt- ^ • n ® 


flywheel. Where i).C. supply is ava^rbl/"/ fl^VbTerX 
generator or booster set may be used in series with the winding 
motor to admit a gradually increasing E.M.P. to the latter on siait 
mg. The auxiliary set carries the full winding current tut k 
wo^d for only half the supply voltage, and is therefore ’a mucli 
lighter and cheaper equipment than the converter set needed ty the 
Ilgner system. ^ 

In high-power winding gear operating on whatever system tb 
use of two 's^dmg motors, one on each side of the drum, is con- 
venient, and increases the reliability of the installation; only one 
of the two motors need be installed when first starting work in the 
pit concerned. 


830. steam-electric Winding: Stnbbs-Perry System— A 

departure entered upon at the Harworth Colliery (Notts.) k 
heved by Professor D. Hay * to have great possibilities where no 
outside source of electricity supply is available. In this, the Stnbhs- 
Perry system (installed by the MetropoHtan-Yiekers Co.), the 
winding is entmely separated from the remainder of the colliery 
l^d; andthe Ward-Leonard system is modified by the substitution 
of a geared turbine drive to the D.C. generators in place of the 
motor-generator set. The turbine has a high range of speed, and 
a small flywheel-balancer is used to help over the peaks, the whde 
being simple and easy to control. The remainder of the colliery 
IS operated from separate turbo-generators, which are therefore 
tmaffeeted by the winder peak-load. 

83 ^* Haulage. Much of the information given in Chaptes 
M and 35 is also applicable to mining traction problems, in which, 
be it noted, the worst conditions of greasy, wet, and rmeven track 


* Proe. Inst. G.B., YoL 223 , p. 196 . 
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have to be faced. Five distinct rope-haulage systems are main 
haulage, main and tail haulage, endless rope haulage, endless chain 
haulage, and haulage by locomotives (§ 832). 

In main (also known as direct-acting or dooh) haulage, the 
haulage motor is placed at the head of a gradient (not less than 
1 in 20) up which tubs are hauled and down which they return by 
oravity. Only a single track is used ; very high starting torque is 
required to start and accelerate the train of tubs uphill, and smooth 
starting is essential to reduce the stress on rope and couplings. 

Main and tail haulage is practised on level or only slightly 
inclined roads, or where the reads are undulating. The tubs are 
puUed in both directions of travel — ^first hy the main rope, then 
by a tail rope running round a sheave at the far end of the road. 
The two ropes are carried on two drums mounted on the same 
shaft at the motor end, and engaged by a dog clutch, one drum 
being allowed to run free as the other is engaged. High starting 
torque is again demanded, as a double length of rope has to be 
hauled. Only one track is required, which is an advantage in poor 
roof conditions, also in shallow seams where bottom stone has to be 
cut out to provide headroom in the roadways. 

Endless haulage employs an endless rope or chain running 
continuously round end sheaves, coming over one track and 
returning over a second line of rails, so that continuous working 
may be carried on all round the loop. This system eliminates 
frequent starting and stopping, reduces wear and tear, and gives 
a much better load factor than the other systems. 

A main or main and tail haulage may be driven by a D.G. 
compound motor (§ 677) or by a slip-ring induction motor 
{§ 683) with liquid starter and controller (§ 739). Instead of 
starting and stopping the motor for each haul, a mechanical 
dutch may be provided and the motor kept running; this is 
specially advisable where an A.C. motor is used. A squirrel- 
cage motor with star-delta starter (§ 724) and friction clutch 
forms a satisfactory drive for endless haulages. Single- or 
double-reduction gearing between motor and haulage druin is 
often justified by the resulting saving in size and cost of the 
motor.* D.C. motors are inherently better adapted than A.C. 

* Prof. D. Hay has stated in a lecture that mining engineers ‘ are only just 
arriYing at the stage of anti-friction hearings and high-efS-ciency enclosed gearing, 
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machines to haulage work, in starting and in point of s-dm 
control and automatic speed reduction on gradients or with hea 
loads. Where liquid starters and controllers (§ 739) are in fairf 
continuous service it may be necessary to arrange for a circulat 
ing and radiator system or for a supply of cooling water. 

Main haulage generally works at a speed of about 6 m.hp 
while main and tail works at nearer 10 ' m.p.h. Some ye^' 
ago Mr. WUliams-Ellis * gave what he described as a typical 
instance of the economy of electric over steam haulage. On 
a road 500 yds. long the working cost by steam was i-77d 
per ton, whereas with electric haulage substituted it came down 
to 0-39d. per ton, on an output of 300 tons per day — a saving of 
£500 per annum. Similarly, he quotes Messrs. Greaves’ slate 
quarries (N. Wales) where a battery loco, saved £400 per annuo 
over horse traction. 

Next to pumping, haulage represents the chief electric power 
demand in British collieries (Table 177, § 823), but unfortimaWy 
it is one of poor load factor (often about 5 %). The strain on a 
rope hauling a load of w lb. up an incline of angle 6 is {w sin S 
+ an allowance for friction). If the load be 10 000 lb. and the 
lift vertical, as in winding, the strain is 10 000 lb. ; but if the 
gradient be 1 in 1 {i.e. 9 = 45°, sin (9 = 0*707), the strain is 
7 070 lb. jpltts rolling friction (§ 879). 

For steel wire ropes the factors of safety generally adopted are as follows; 
Jlfiiial ropeways, 4J to 6 ; suspension bridges, S to 7 ; cranes and hoists, 7 to 9- 
Jings, 5 to 7; haulage, 7 to 9; winding, 8 to 10. The breaking strain may be aa' 
liigli as 120 tons per square inch.. 

If the speed be 5 m.p.b. (440 ft. per min.), the power required in 
the above two cases will be : Vertical lift— 10 000 x 440 / 33 OOO 
= 133 H.P., or, allowing 20 % for friction, a motor of about 160 
B.H.P. would be required. Gradient 1 : 1-^10 000 x 0*707 x 
440 / 33 000 = 94 H.P., but in this case there is rail friction as 
well as . friction in the haulage gear, so that about 30 % extra 
power would be required, say 125 to 150 B.H.P. at themotor. 
On a 1 in 10 gradient, the power required would he 18 to 20 
B.H.P. {Note. Gradient = rise in ft. / horizontal distance 

m place of nomy open-miming maohine-out gears. There is no reason why the 
roMhanical efficiency of haulage gears should not be 90 % and the noise as neariy 
as possible.’ ^ 

* EL Be^w, Sept, 30, 1921, p. 428. 
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= taB 9 ; tke corresponding sine may be read from the usual 
trigonometrical tables.) 

Useful tables relating to the power required by haulage and 
winding are to be found in the EleGtrical Trades Directory ; 
thc«e gi'v^en by Mr. W. C. Mountain may be calculated from the 
following formulae 

Main and Tail Haulage at 10 naK'p,— 

H.P. — 1*67 X tons load x (incline + 2). 

Endless Rope Haulage ou 1 000 yds. of road — 

^ Coal output (in lb. per min.) ^ 

H.P. ^ ^ X (incline + 2). 

In both these formulae the incline is expressed in inches per yard. 
In the case of main and tail haulage the load includes the weight 
of coal, tubs, and ropes ; and the horse-power may be taken to 
be directly proportional to the speed. As regards endless rope 
haulage, the incline is the average rise (i.e. total rise in inches ] 
total yards of road), and the horse-power may be taken to be 
directly proportional to the length of road. In both cases the 
above formulae provide a reasonable margin to cover friction. 

832. Pit Locomotives. — Trolley locomotives, as an alternative 
to other systems of main haulage, in no sense replace pit ponies, but 
battery locomotives, used for gathering service, may do so. Many 
types of trolley locomotives are in use for both surface and under- 
ground haulage on the Continent and in the United States, but are 
pohibited in British mines without special sanction. The locos by 
which much of the haulage is done in America are usually of the 
D.C. series-motor type, one-hour rated, operating on 240 or 480 V. 
They vary in weight from 4 to 35 tons, and use gauges from 18 
ins. to 4 ft. 8^ ins. In this country trolley locos are not allowed 
in coal mines (without special sanction) owing to the risk of 
explosion caused by open sparking and owing to the risk of shock 
inseparable from the introduction of bare trolley wires {Regulation 
136 (a)). 

Compressed-air locomotives have not found extensive applica- 
tion, owing to the weight of the storage cylinders and the re- 
charging and maintenance delays and costs involved. 

AoGumulatoT locomotives are permissible, although they 
suffer from analogous disadvantages, but their use is steadily 
(though slowly) extending ; they may necessitate modification of 
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the pit roads, so as to permit the use of the most suitable t 
for the Tvork rather than a compromise designed to suit ^ 
existing roads. The £1 000 Markham competition in 1925 f 
the best battery locomotive, conforming to the requirements "f 
an ad hoc Committee, was designed to stimulate this field f 
progress hut does not appear to have led to any very notable resufe 
A full account of the various locos fall of British make) tested 
in the competition will be found in the technical Press * of 
1925, but a few points may be mentioned here. The prize was 
awarded to Messrs. Joseph Booth & Bros, of Leeds, whoee 
‘Union’ design included some novel features. The cells an 
mounted in groups, in hardwood crates enclosed in steel boxes 
which are in turn supported on rollers mounted in the loco frame’ 
they are locked in by a patented device, and attached to tie 
circuit through plugs and sockets, so that a battery can be rolled 
out and replaced in less than five minutes. The frame consists of 
two parts, a chassis containing the whole of the mechanical gear 
and a second unit, spring-borne on the chassis, containing the 
whole of the electrical gear; the latter can be unhitched by 
unsHlled labour when necessary and replaced by a spare part 
A single four-pole motor is used, driving through a flexible conn 
ling and cardan shaft ; and the machine is capable of hauling a 
load of 5 tons on the level at 6 m.p.h. or 20 tons at 3 m.p.h. with 
a starting pull of 2 000 lb. 

In connection with this, Mr. L. Millar has summarised + the 
requirements of a battery loco for gathering purposes in thin 
seams (where the conveyor is unsuitable) and for marshalling 
purposes at the junction of haulage roads : — 


(1) Tte height, rndtii, and length of the Jooo are limited. These must 
conform mth ihe dimensions which can be accommodated in the gate roads or the 
cage. 

(2) Ihe weight is limited to that which can be safely handled in the cage or k 

case of a derailment ^ 

(3) Ample clearance must be aUowed underneath the loco to clear obsteicfeiK 

greasers, pulleys, and other devices for 

oontfePoUing the tubs. 

1 j capable of giving sufiSoient adhesion to pull at least a 

1<^ of 5 tons on a gradient of 1 in 20 and have a speed oh the level of about 3}m.pJ». 
wnen pulling the same load. 


* El. Benieto, Oct. 2, 1925, p. 629 ; Oct. 9, 1925, p. 564 ; Eleetrician, Sepi 25. 
t JoMT. Vol. 64, p. 1004. 
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(5) T'he wheel base of the loco must be such that the loco is capable of going 
jroaod a curve of about 12 ft. radius. The overhang when negotiating the curves 
iBust be such as not to foul the sides of the gate road. 

(6) The whole of the electrical equipment must, of course, he flame-proof and 
of a type which it is safe to work near the coal-face. It must, in addition, be 
capable of being worked in the open air with rain falling, and of being operated 
through a considerable depth of water without permanently affecting in any way the 
sanding gear or electrical equipment. 

(7) It must be possible to change the battery quickly. 

As regards flame-proof construction (§ 812), reference ma7 be 
made to the B.S. Specification ISTo. 229 and others mentioned in the 
Bibliography. The sanding apparatus is of great importance in 
obtaining good adhesion : the writer quoted above states that ' the 
jggure of 0*25 for the coeflicient of adhesion can as a rule be con- 
siderably improved at starting, and 0*3 is frequently used. ’ The 
rolling resistance of the load may be taken as of the order of 50 
to 60 lb. per ton {cf. corresponding figure of the traction coefficient 
in § 879, Chap. 34) according to Mr. Horsley.* 

There are no less than 56 difierent gauges in use — a case ripe 
for, and taken up by, the B.S.I. — though the 2-ft. gauge is easOy 
foremost .f A capacity of about 12 kWh at the 5-hrs. rate is 
indicated, with a voltage not exceeding 80 Y, the batteries being 
in duplicate, so that they can be interchanged for charging at 
each shift. Either one or two motors, aggregating about 8 H.P., 
may be used ; tbe latter having the advantage of obviating resistance 
control and tbe former of higher efficiency owing to its larger size. 
Tbe drive may be by double-reduction chain, double- or single- 
reduction spur-gear or enclosed worm. Roller bearings offer dif- 
ficulties in the way of maintenance in the dust-laden atmosphere, 
but show a very great saving in power consumption — ^namely, about 

20 7o 

Teste conducted on the Continent a few years ago showed the 
following energy consumptions (at the power house) per gross ton- 
Doile and per useful (coal) ton-mile respectively : QT3 and 0*20 kWh 
for trolley locos ; 0*25 and 0*37 kWh for accumulator locos ; 0*65 
to 1*3 and 1*25 to 2*5 kWh for compressed-air locos. Though the 
exact figures will vary in difierent cases, these express the relative 
efficiencies of the three systems with reasonable accuracy. The 
power required from the battery in that type of loco was found in 


• Jour, Vol. 64, p. 1015. 
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one case to be equivalent to a consumption of 0T6 kWh per ton- i 
Accumulator locos are roughly twice the price of trolley loe^ 
equal power, and tests conducted a few years ago showed the toi^ 
operating costs per ton-mile (including capital charges) to he 9 to 
times as great for accumulator as for trolley locos, according l! 
the working hours per shift. The corresponding figures for ^ 
pressed-air locos were 1-3 to IT times the total operating cost M 
trolley locos. ^ 

Messrs. Hoskin and Fraser * give the following formula for 
finding the H.P. -hours required for haulage by locomotives (D.Q) •- 

hl*P.— hrs. — m 2 OOO x "y x operating tune (hrs.) y d x 33 OOO 
X e K t X hy 

where w = weight of loco in short tons ; 

V = average speed in feet per minute (main haulage ± 3S2- 
gathering ± 264) ; ’ 

d = draw-bar pull as fraction of loco weight (about 1/9 
on main haulage) ; 

e ~ mechanical efficiency of motor (0*85 to 0*87) ; 
t = transmission efficiency (0*78 to 0*85); 
k = mechanical efficiency of engine-generator set ('0*82 to 
0*85). ^ 

For A..G. it is necessary to make the additions referred to in § 824 

833 - Compressed Air versus Electricity; Air Compressors.f 

—Compressed air must be admitted to be inherently a safer medium 
than electricity for power transmission underground, hut it is a 
simple matter to apply automatic safeguards to aU electrical equip- 
ment, and official returns prove conclusively that electricity k 
responsible for a very small percentage of colliery accidents. In 
pomt of efficiency (see infra), electrical working is undoubtedly 
superior; the energy consumption in the power house is often four 


* See reference in § 824. 

f The relative merits of these agents are compared by Mr. Sam Mavor, * The 
pplicahons of Machineiy at the Coal Face,’ Jour. LM.E., Vol. 64, p. 989. Ateo, 
a paper by :^f D. Hay and E. Webster, contributed to the Second World Pbw 
n eren^, Seilm, 1930, drew a comparison between compressed air and electricitj fa 
^_in wllien^ tbe economic and practical working standpoints being considered. 
While these autho^ recc^nised the convenience of compressed air and its snitability M 
^ opinion that most of the power services of a otiliey 

be carn^ out much more economically by electricity. They also pointed out 

And +• heading macbines, giving a combined reciprocaiaiig 

am lotaiy HKihon, had been introduced- 
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or five times as great with compressed air distribution as with elee- 
mcal transmission and electric driving in-by. After balancing in- 
efficiency against the fact that compressed air cannot promote an 
explosion, there remains the important advantage that it assists 
ventilation while performing its work ; and in the perenssive roek- 
Jriii (§ 8S6), the supremacy of air is no more than threatened. 
But as in the ease of gas and electricity, so here the rivalry between 
the two forces is showing signs of turning to co-operation, as the 
tJTftat losses in long air pipes can be eliminated by using electrically- 
driven compressors near the working face. Serious leakage occurs 
from the average compressed air pipe-line, particularly from tem- 
porary and flexible piping near the working face. Even if com- 
pressed air he used for coal cutters, conveyors, drills, etc. — ^whether 
on grounds of safety, or for the sake of cooling and ventilating 
headings, or for other reasons — the air pipe-line may be kept short 
hy using stationary or portable electrically-driven air-compressors 
underground. 

On the other hand, large compressors installed in the pithead 
power house operate under more favourable conditions in respect of 
freedom from dust, ease of maintenance, and smaller reserve plant 
requirements. These considerations may outweigh the losses in the 
extra length of piping involved. Central compressors may be 
operated in conjunction with storage tanks fitted with automatic 
‘unloading’ valves. As far as possible, the compressor output 
should be regulated automatically by varying the speed of the 
driving motor according to the demand for air, but the unloading 
valve is needed in the event of the demand for air falling temporarily 
short of the supply even with the motors at their lowest speed. 
Slip-ring and cascade induction motors (§§ 683, 694) are sometimes 
used to drive central air compressors, hut D.O. motors are preferable 
in respect of easy speed control over a wide range. 

As regards eflSciency there is no rivalry between electricity and 
ccmipressed air; the overall efficiency from generator to motor is 
about 60 7oJ while with compressed air it seldom attains to 15 7o- 
In fact, Professor Hay * says that compressed air consumes at least 
five times as much energy as electricity. 

834- Coal Cutters. — ^The use of coal cutters is to remove a layer 
of coal or rock at the bottom of the coal-face, the material overlying 


YOL. III. 


' Proo. Inst, C.E., Vol. 2S23, p. 200. 
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tke cut beiBg then brought down by suitable charges of expW- 
As compared with hand mining, a machine cutter is able to 
economically in much thinner seams (down to 16 or 18 ins) and 
yield a much greater tonnage from a given working face’ whik 
much reducing the cost per ton, though the heavy-cutting’tyjw 
machine in general use in the thick American seams is seldoi^t 
able for this country. In 1912 about 2 400 coal cutters (aU tvZ 
and diives) were in use in the United Kingdom; in 1926 
were 6 512, of which 3 114 or 48 % were electrically driven ^ 
the balance by compressed air; in 1931 there were 7 37l of wtu 
4 026 or 55 7o 'W'ere electrically driven. 

From the Report of the Electrical Inspector of Mines for 1931 
the following figures are deduced: — 

In Scotland 61*3 7o the total output of the mines wascrotb? 
machine mining, and of that so got, 97 7^ by electrical cutter! h 
other parts the proportions are smaller, hut for the whole country 
It appears that 20 7^ of the total output was from electric cutters 
and a further 10 7^ machine cut by compressed air. The output p® 
machine cutter (aU types) is now about 10 000 tons per annum h 
the United Kingdom as against 8 000 tons before the war. Bis 
recorded ^ that at Cannock Chase Colliery, an output of 15 tons per 
man-shift has^ been secured with pillar and stall working; and in 
Scotland a 2 ft. 6 in. seam has been cut on the same system at an 
overall cost of 3*69d. per ton. 

As regards the arrangement of the cutting tools themselves, 
machine cutters may be classified as percussive or pick machine 
bar, disc, and chain cutters. •[' * 

Percussive maGhires were, until recently, operated almost 
exclusively by compressed air, and their action is to chip coal in 
a manner similar to that employed by the miner. These machines 
are extravagant of air and yield only 2 600 to 3 000 tons of cod 
per annum ; they should be used only on short faces. Longwafi 
cutters, operating on long working faces, are much more eco- 
nomical; their average production is about 10 000 tons pff 

annum per machine, and of these machines about two-thirds are 
driven electrically. 

* ‘ The Tirms^ Mngin. Itev,, Jan. 21, 1928. 

* cutter are compared exhaustively by Mr. Sam Maw, 

The Applioafck»ns of Machinery at the Coal Face,’ Jcmr. Yol. 64,n.99i 
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In bar, disc, and chain machines respectively, cutting tools 
I removable for sharpening) are set radially in a tapering bar, 
radially in the rim of a horizontal disc, or in tool boxes in an 
endless chain. The bar cutter needs minimum starting torque, 
and is less liable than the disc machine to injury by falls ; only 
about 2 : 1 speed reduction is required from the driving motor, as 
acrainst SO or 50 : 1 in disc and chain machines. Special types of 
chain-type cutters are useful in driving headings. 

The older disc, chain, and -wheel longwali machines have been brought up to 
date and there are now many efficient standard types arranged for both electric 
and *com.pressed air drive. A recent importation from America is the shortwall 
machine, capable of rapidly cutting the bords and walls in bord and pillar work. 
These machines seriously challenge the supremacy of the reciprocating air coal 
cutter of the percussive type. Another successful challenge to the percussive air 
machine is the Hardy rotary cutter, which closely resembles the air machine in 
operation, except that the motion is rotary.. It is worthy of remark that the Hardy 
Bedford requires lA E.H.P. whilst the air machine requires the equivalent of 20 H.P. 
at the compressor for the same work (Prof. Hay). 

To these may be added the arcwall machine, a further im- 
portation from America. This and the shortwall machine ^ may 
be said to have given the pillar and stall system a new lease of 

The 7 371 coal cutters in use in 1931 were of the following 
types:— 


Disc .... 
Bar .... 

Chain 

Percussive and other . 

• 


450 
525 
4 287 
. 2 109 



Total 

7 371 


Of these, 3 345 or about 45 %, mostly of the percussive type, were 
operated by compressed air. Chain machines are steadily displac- 
ing the disc and bar type, and represent about 82 7^ of the total, 
miln&ive of percussive machines, as against 60 7o 1926 and 
28 7^ in 1916. Percussive machines, although still increasing in 
number annually, are not gaining over the other types pro- 
portionally. Points to be considered in deciding on the type to 
be used in any particular case are : speed of cutting, strength of 
machine, freedom from breakdown, adaptability to the conditions 
encountered, ease of effecting repairs and renewing cutters. 


‘ The Tifnes ’ JBngin. Rev,, Jcun. 21, 1928. 
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Either squirrel-cage or slip-ring A.G. motors, or eomoon j 
wound D.C. motors, may be used. From 10 to 20 or 25 P p 
usually provided. The motor is completely enclosed and mA 
very low so as to permit working in very thin seams- 3^ 
motors of very low height are, however, sensibly less 
than D.G. motors of the same height. Ventilation is a seri*^ 
problem. Drum controllers are generally used, and arraneed? 
be operated from either end of the machine. Longwall ratt 
are self-propelling, being fitted with sledge runners and a r-Z 

.TtmT cabt 

(§ 820) from a gate-end box. ^ ® 

In some recorded tests it was found that the enervy consn^T. 
tion lay between 0-2 and O'S kWh per sq. yd. undercut 3 
between O'S and OS kWh per ton of coal obtained. When b’olii 
m hard material, the energy consumption may exceed 0’?5 kW 
per sq. y<L undercut. Messrs. Hoskin and Fraser* give tie 

lollowmg formula for finding the H.P.-hrs. required in D C en»l 
cutting: — >-uai 


H.P.-hra — No. of machines x operating time Thrs 1 x kW y 
l-34Jhxt, 

or = daily tonnage x OSS x 1-34 / 24 x A x t x coal 
thickness (ft.), 

where A = mechanical efficiency of engine-generator set (0-82 to 
0-85) ; 


t = transmission efficiency (0-75 to 9-95). 

For A.G. it is necessary to make the additions referred to in § 824. 

Tests have shown that the power consumed by a chain-type coal 
cutter may be trebled (60 H.P. instead of 20 H.P.) if the picks be 
blunt and the general maintenance of the machine be neglected. 

*35- Conveyors and Readers. — The use of mechanical coal 
cutters has greatly increased the yield of coal at each point of 
use, while the workings are, for the most part, laid out for hand- 
mimng ^th as regards the actual point of mining and the roads 
rom it ffi the shaft. Consequently the use of conveyors is almo^ 
a nei^ity in these eases where intensive mining is in force, and 
the electncaUy-driven conveyor is in active competition with the 
pneuma ic. In 1926 ■(• there were 1 667 conveyors of all class® 

* See reference in § 824. 

t Reporfe of the Chief Inspector of Mines, 1926, p. 121 
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. TJ.K., an increase of 154 over the previous year. 

Including loaders, they accounted for over 8 OQO H.P. of motors. 
In 1931 the number of conveyors and loaders was 4 459, of which 
299 were electrical with over 25 000 H.P. of motors. 

" ^^ Tliere are four types of conveyors in general use, namely, 

(i) the shaker or jigger ; 

(ii) the chain scraper ; 

(hi) the rubber-faced band or belt type ; 

(iv) the scoop-type scraper loader. 

For the first of these pneumatic working is obviously more suit- 
able than electrical, as the motion is reciprocating, though 
electrically-driven shakers are also found ; but types (ii) and (hi) 
are unidirectional, and are perhaps more often electrically driven 
than otherwise. The scraper loader * consists of a bottomless scoop 
of about 1 to 3 tons capacity, which is hauled to and fro along 
the face by an electrically-driven double-drum haulage. The motor 
riiay absorb from 30 to 130 kW, tbe latter being applicable to Ameri- 
can practice. A differential friction band coupling is frequently 
employed, as this enables a squmrel-cage motor to be used. 

The shaker conveyor is generally used on down-grades, but 
can be used on the level or on slight up-grades ; the two other 
types of conveyor are generally used for up-grade working, the 
band type being able to do greater duty than the other two. The 
use of conveyors reduces labour and breakage of coal while per- 
mitting the face to be cleared in minimum time, ready for the next 
cutting shift. Reliability is essential first, last and all the time.f 

Gate-end loaders, also electrically driven, are often used in 
America in conjunction with the conveyors ; and a considerable 
number — 506 in December, 1931 — have now been put to work in 
collieries in the United Kingdom. 

An elalwiafce conveyor system requires ejB0.cient traffic control. These conveyors 
are ala disadvantage in pits where small tubs or trams are employed, and mechanisa- 
ion is gradnadly leading British mining engineers to attack this the weakest point in 
the system. Already in South WaJes, where the use of conveyors has developed most 
mpidly, 30-cwt. trams and 40-lb. to 45-lh. rails on a 3 ft. 2 in, gauge are being 
employed. In America 12-yd. rails weighing 100 lb. to the yard on a 3 ft. to 4 ft. 
gauge are not uncommon in conjunction with locomotive haulage, which for various 
reasons makes slow progress in British mines. 


* A valuable article on this subject is * Scraper Loading in Durham,’ Colli&^y 
E^ineering, Vol. 8, p. 88. 

f Tbe subject is dealt with fully by Mr. Sam Mavor, loc. cit. 
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In this country the most notable development has been in the use of 
or trunk conveying system, which serves to eliminate a number of gate 
concentrate loading points. At the Taff Merthyr OolHery coal is deliv^'^ 
face conveyors 90 ft. long upon shaker conveyors, which conduct it to th 1 ^ 
points. The classic example in this country is, however, to he found at th ^ 
battle CJoUiery in the Lotbians. Among minor improvements is the use ♦ ’ 
adjustable connections on trunk conveyors and of means to protect belt* ^ 
prevent the spillage of coal. At several collieries ball bearings are being ado^^ 
both conveyors and screens. A comparative novelty is the employment of 
suction conveyors at Tursdale and Bowbum GolHeries in Durham, and of sn 
plant at the Bestwood Collieries in ISTotts.— ‘ T7ie Times ’ Eng. Rev 

836. Drills.— Both rotary and percussive rock driUs are rmi 
extensively in some mines; and, though the great majority of th®* 
are driven pneumatically, there are rotary electrical types in iiae 
The rotary type may he driven conveniently by an electric motor 
(say of 1 or 2 H.P.), and percussive drills are adaptable to eleetrfc 
driving either hy a motor and eccentric or by electromagnets (sole- 
noi J). The power consumption in drilling shot holes is about 
1 kW. Where compressed air is used, owing to its value in ventilat- 
mg the workings, portable motor-driven air compressors are often 
found. In very hard rock, electrically-driven diamond drills are 
sometimes used. 

In a recent paper * Professor D. Hay states that he has ' recently 
had some success with an electric rotary driU in normal coal measnre 
shales and sandstones, but in ironstone and very hard sandstone 
progress is slow with this type: there is a wide field awaiting a 
good eU<^r%c stone drill in collieries.’ (Our italics.) The Electric 
Inspector of Mmes also refers to this matter ; f ‘A handy and 
^ compact rotary electric drill has been tried out at several collieries 
during the year, for putting shot-holes into the coal. It is used 
smgle-handed, the weight of the machine being 25f lb The 
3-ph^e squirrel-cage motor, rated at | H.P., and designed for 
125 y, 50 cycles, runs at 2 800 r.p.m., and drives a hollow drill 
spindle through double spur gearing at 320 r.p.m. The contrd 
^teh M fitted in one of the two lug handles, and a small 4-care 
tt^ble cable and connector, which carries the current to the drill 
&om a transformer rated at 1 kW 600 / 125 V 3-phase, aUows the 
operator freedom of movement. In actual trials at Cannock (Jhase 
Goihery, by colliery workmen, holes to a depth of 4 ft., which 


* Proc. Tnst. CJS., VoL 223, p. 201. 
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necessitated a change of drills half way, were put mto a strong 
measure at the rate of 2 ft. per minute/ 

337. Miscellaneous Machines* — Both underground and on 
the surface electricity is used for various miscellaneous purposes, 
as tx) which separate statistics are not available. Coal washing and 
screening account for between 5 and 15 of the total motor H.P. 
installed above-ground in the principal divisions of the country, 
Yorkshire having the highest percentage; and the total for coal 
'washing and screening amoxmted to 166 569 H.P. in. 1931, In 
addition, the aggregate H.P. of motors classed as ‘ miscellaneous ' 
in the Seport of the Electrical Inspector of Mines for that year 
was 19 160 below and 345 223 above-ground; or 364 383 in all. 
Where a coal or other mine has adopted electric working at all, 
most of the machinery at the surface is driven by motors as a 
matter of course, except where the necessity for reciprocating 
motion renders compressed air more suitable. There must always 
be repair shops attached to mines, with various machines requiring 
power. Haulage on the surface is, however, generally a matter 
of railway trucks on a siding, for which shunting engines are 
mostly used. 

838. Shot Firing. — There are several electrical systems of 
shot tiring, ail of which are superior to older methods in safety, 
convenience of group firing, and absence of miss-fires. In 1931 
24 million lb. of explosives were fired in 48 million shots, includ- 
ing 16 000 miss-fires ; ^ fuses missed 1 in 2 690, squibs 1 in 2 340, 
and electricity 1 in 3 220 shots. 

The detonating material of the fuse may be set off by sparking 
between two electrodes embedded in it, or by incandescence of a 
fine platinum wire similarly disposed- The spark system requires 
a small current at 100 to 200 Y, which may be obtained from a 
small hand-driven magneto-generator, suitable provision being made 
to ensure that suflScient E.M.F. is being generated before the firing 
circuit is closed. Research work has been carried on at the Testing 
Station at Sheffield in connection with the formulation of standard 
teste for shot-firing magnetos. The glow system of firing requires a 
hwivier current at lower voltage, say 3 A at 20 Y, and this may be 
provided by a storage battery or by a low-pressure magneto- 


Beporfc of the Chief iBSpeotor of Mines, 1931. 
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generator, the latter being more convenient.* Several shots 
fired simnltaneously by connecting the fuses in series or rSu 
If spark fuses be connected in series, there is some risk of th 
sensitive one exploding and interrupting the circuit befnr«T 
others operate^ On the other hand, there is no guarantee that a! 
of a number of parallel connections are in order. Glow fua ^ 
nected in series give minimum risk of miss-fires, and this 
pnerally employed. Regulation 133 (a) prescribes that w! 
from lighting or power circuits shall not be used for firinv sW 
the ‘ Explosives in Coal Mines Orders ’ should be referred to as t 
&e source of electric current that may be used for this punxJ* 
The same Regulation (b) lays down that ‘ shot-firing cables Zi 
comply with Regulation 130a (§ 819) relating to flexible cables 
that adequate precautions be taken to prevent their touching dtl» 
cables and apparatus.’ ^ 

839. Mining Telephones and Signalling.— Regulation 122* 
requires that ‘ efficient telephonic or other equivalent means of 
communication shall be provided for communicating between tie 
switchgear provided under Regulation 128a 
bottom or main distributing centre 
in the pit Actually, extensive use is made of telephones in most 
mo ern colheries ; the instruments are necessarily constructed so 
M to be watertight and be capable of resisting ve^ rough usage- 
It is desimble also that they he of the loud-speaking type, 
^vided -vmth powerful battery or magneto ringing equipment 
Departmental research -work on the formulation of standard teste 
lor mining telephones is in progress 

Mectrie hells or hooters oSer a very convenient means of 
s^llmg along haulage roads, and for other purposes underground, 
^d these with their relays are also the subject of enquiry, toting 

mounted close together, so that 
hv brought mto contact at any point by grasping them w 

pi^e of metal across them, have been used for such 
galling circuits m the past, but this system inevitably introduces 
‘ sparking’ and is held to have been respon- 
r a eas one serious disaster. Regulation 134 prescribes 

no* IS fcr sigDalling, the pressure in any one oireoit shall 

exceed 25 V. (h) Contact-mafcere shall be so constructed as to prevent the 


VoL 9, p.''298. 


1; 5 ^ 0 , for example, Colliery £Jngi7mrin§t 
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accidental closing of the circuit, (c) Adequate precautions shall be taken to prevent 
ij^al and telephone wires from touching cables and other apparatus. 

TJie.se mies are obviously of limited scope, and the onus of determin- 
luif when ‘open sparking’ becomes dangerous is left to the colliery 
nianager. Mr. C. P. Sparks suggests that the following systems 
ensure safety : — 

(A) F(yr Signalling over Moderate Distances . — Circuit wires to be of bare gal- 
vanised iron, 8 S.'W.G., and placed high up on insulators on opposite sides of the road. 
Bells to have the contact-maker completely enclosed in a flame-tight metal cover, 
and the magnet windings shunted by a non-inductive resistance of suitable value. 
The number of dry cells to he limited to ten (i.e. 15 V), the battery being divided 
into two halves, one connected near the bell, the other half-way along the line. The 
batteries to be kept in locked boxes capable of accommodating only the standard 
number of cells, so that exhausted cells must he replaced instead of an indefinite 
number of cells being added in series. Signals to be made by switches operated by 
a puE-wire, the switches being enclosed in flame-tight metal cases and breaking 
contact through non-inductive resistances mounted in the same cases. 

(B) Far Long-distafice Signalling . — A high-resistance relay with shunted contact 
and enclosed in a flame-tight metal case should be used, the shunt resistance being 
placed inside the case. The line pressure can then be kept down to 6 V. Alterna- 
tively, the A.C. system should be adopted, the same system of wiring and switches 
being used as under (A). Battery maintenance is then eliminated. The transformer 
pressure should be 15 V, and the bell coils should he enclosed in rigid metal. 

Signalling by make-and-break between bare conductors cannot 
be regarded as safe practice in any place where there is liable to be 
explosive gas or coal dust. The circuit pressinre must be so low that 
an arc cannot be started : but this is not the only, or even the most, 
injportant factor. It is the amount of electromagnetic energy stored 
in the circuit to be broken, and the rate at which this energy is 
dissipated, which determine the temperature of the spark. The 
inductance of the hell magnet windings is therefore an important 
factor, and these windings should be shunted by a non-inductive 
r^istance, to prevent their stored energy being dissipated at the 
switch contacts, to the detriment of the latter. Even so, there is 
a risk of dangerous sparking if the signalling contacts be "open/ 
Enclosed switches situated at intervals along the road, and operated 
by pull-wires, permit signalling from any point, whilst eliminating 
the objectionable features of the older system. 

Several successful systems of shaft-sig'nallirvg have been devised 
to comply with Regulation 95, which requires that "in connection 
with every winding engine there shall he provided an appliance 
indicating automatically and visibly to the winding engineman (in 
addition to the ordinary signal) the nature of the signal until the 
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signal is complied with.’ It is farther required that the bank 
be able to signal to the winding engineman and to the onsetf!*° 
and also to receive signals from the onsetters. The sioTiali’**' 
equipment may be purely electrical or electro-mechanical in 
DetaUs vary in the several systems, but generally a series of ta 
are used to send signals, which are received and indicated b 
apparatus resembling a ship’s telegraph. Checking signals 
reproduced at the signalling point, the engine-driver is given bell ™- 
hooter signals (or both), and a pointer moves round to the apnronma 
section of the dial, which is illuminated to show the level fm 
which the signal is sent. The audible signal is coded and tC 
illuminated portion of the dial shows the order in words as wJ 
The visible signal is shown untU it has been obeyed, and arran*' 

ments are made to prevent interference with or confusion betw^n 
signals. 

840. Electric Lighting in Collieries.-Whatever future de 
velopments may be. underground workings are now generally 
illummaied only by portable ‘ safety ’ lamps, except in the case of 
mam roads, underground workshops and motor-rooms, etc where 
orAnary glow lamps with carbon or metal filaments may be fbnt 
seldom are) used, so long as the lamp-holders, conduit, s^tch and 
fuse hoses are earthed when required by Regulation 125 fS 8211 
and so long as Eegulation 182 (iv) (§ 812) is observed. It h 
like y that the future -wiU see more extensive fixed li^htin^in the 
wor^ngs ^ this must obviously tend to saving of time and 
health and le^ to greater efficiency. The reason given to one of 
the authors (Mr. Meares) why a certain well-known Mysore gold 
mine had unlighted roads— namely, that if the cracked 4d grL- 
mg timber supports- were rendered visible no one would go down 
—does not apply in Great Britain, where regulation and inspectiiH. 

very thorough. Professor Hay * mentions as a preset-day 
consideration that special lamps are now obtainable which can give 
good illnmmation horizontally, as needed for this work. For 
armoured cables are largely used, with iron- 
ChfpL^f 2.T generally is treated in 

Lamps.— Regulation 122a demands that, wheire- 
ever failure of electric light would be likely to cause danger, one 


*IjOC, cit, 
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or more safety lamps or other proper lights be kept burning con- 
tinuottsly. The oil-burning Davy ‘ safety ’ lamp which, in one of 
its manv modifications, was used exclusively for so many years, 
has now to meet keen competition from electric safety lamjos. 
Between 1912 and 1931 the number of electric safety lamps in 
use in Great Britain increased from 11 000 to 387 000, while the 
number of oil lamps has decreased since 1920 from 640 000 to 
337 000- By far the greater number of the oil lamps are re- 
lighted electrically, and nearly half of them are sealed magneti- 
cally 

Electric safety lamps must be of a pattern approved by the 
Home Office,* and rigid requirements are imposed which have 
undoubtedly retarded the introduction of the new lamps, whilst 
being all in favour of enhanced safety and technical merit- One 
requirement is that an electric miner’s lamp must give at least 
1 spherical c.-p. after 9 hrs. continuous burning; this corresponds 
to much better lighting than is given by oil safety lamps, and the 
use of the electric type is found to reduce materially the prevalence 
of nystagmus among miners. One advantage admitted for the oil 
lamp is that its ' gas-cap ’ gives timely warning of the presence of 
dangerous quantities of inflammable gas. This is an important 
point, and various arrangements have been devised to provide a 
similar warning where electric lamps are used. One method is to 
use an electrically lighted auxiliary Davy lamp ; another employs 
the change in electrical resistance of a special wire, when exposed 
to firedamp, to vary the deflection of a small galvanometer built 
inside the lamp glass and calibrated in ‘per cent, of gas present.’ 
Yet another form of gas-detector depends on diflfusion through a 
porous plate changing the reading of a manometer which is 
calibrated to indicate the corresponding percentage of gas. 

The general requirements to be fulfilled by any electric miner’s 
lamp are that there should be no open sparking at the key or 
switch ; that fracture of the guard glass surrounding the lamp 
bulb should at once extinguish the lamp (for even a miniature 
tungsten lamp may ignite a gaseous mixture if the hulh be broken 
whilst the filament is incandescent); and that the battery con- 
tainer be able to resist very rough treatment. The lamp may be 

* The types of safety lamp approved by tshe Mines Department from time to 
fene, under the Goal Mines Acts, are described in the Statutory Buies and Orders 
lotted by that Department, and are obtainable fiom H.M, Stationery Office. 
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locked by a lead seal or by a magnetic bolt which can onlrK. 
released by aid of a strong electromagnet. Either lead or nL , 
accumulators (Chapter 18) may be used, and it is very imJJf 
to ensure that no electrolyte can be spilled inside the lamp casi/‘ 
also that ' creeping ’ and corrosion do not occur. Lamp renew«f' 
and battery maintenance represent the chief items of expenditu 
Tungsten filament lamps are of course employed these 
about four times the candle-power-hours of lighting obteinahlp 
by carbon lamps from the same battery, or alternatively reducintr 
the weight of battery to be carried for given lighting service, if 
shoald be remembered that even a decimal part of 1 Y correseonriQ 
to considerable variation in life and candle-power of a 9 or 21 T 
lamp; hence it is worth while determining carefully the mean 
P.D. of the battery during the normal discharge period, and then 
selecting the lamp to suit this pressure. In recent years a great 

number of alkaline lamps in use 
-7 000 being in service at the end of 1931, compared with 23 OOO 
at the beginning of that year. Four-volt lead-acid lamps are also 
being used much more extensively, but no precise figures are 
^ailable. Both frosted and tinted and lens-sbaped glasses have 
been tried for obviating glare and concentrating the light as 
well as multiple vertical internal prisms. Cleanliness and’ob- 
servanee of a regular chargingand maintenance schedule, coupled 
with inteUigent observation of irregularities in behaviour, are the 
secrets of low battery costs. Expenditure on a well-equipped 
char^g-rack and cleaning equipment, and organisation of m 
efieetive system _ of mspeetion and records, is well invested. 

e ailed descriptions of electric lamps for miners and of lamp- 
rwm equipment are to be found in technical periodicals, and of 

of T approving the lamps. Large users 

m nets ^ electnc lamps give the total cost of the latter (induding 
wa^, maintenance, and capital charges) variously as id. per shift ; 
Jd. per week ; and ‘ twice as dear as oil lamps.’ These estimate 
coDMtent, and the important points are that the 
Tthi is quite moderate; the light ohtaiued 

Timvet ^ a given by oil lamps ; and the resulting im- 

ww efficiency far outweigh the 

tugiier cost of the light itself. 

nrectd!' Quarries other than Coal Mines.-The 

preceding paragraphs of this chapter, though of general applica- 
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tion, have referred more particularly to collieries, as these represent 
bv far the greater part of the mines of this country and have their 
own special problems due to the ever-present risk of explosion. 

Electrical working is, however, extensively used and rapidly 
expanding in the metalliferous mines and quarries. The Chief 
Inspector of Mines gives the following table ^ relating to mines 
employing electricity : — 

Table 178. — Use of Electricity in Metalliferous Mines. 



H.P. of Electric Motors Installed. 


1926. 

1931. 

Ahcyue-go'ou'n3>. 



Winding or hoisting 

2113 

3 930 

Ventilation 

909 

709 

Haulage 

798 

932 

Pomping 

911 

834 

Dressing or cleaning 

3 326 

3 924 

Other purposes 

6166 

9 385 

Total above-ground 

14 223 

19 714 

Ufid&r-gf'ound. 



Hoisting 

617 

598 

Haulage 

947 

1349 

Pumping 

7 657 

8 748 

Other purposes ....... 

1003 

1220 

Total under-groimd 

10 224 

11 915 

Total above and below-ground .... 

24 447 

31 629 

No. of mines using electricity .... 

74 

83 


These mining operations include iron, lead, tin, zdnc, and 
manganese, along with various minerals used in the chemical 
industries, in smelting, in building, and in road making. 

In other countries electricity is used in every sort of mine 

*Eeports for 1926 and 1931. See also ‘Electricity in Mines,’ by B. Nelson, 
Jmr. IJEJS,, Tol. 64, p. 1014. 
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and mining operation, especially where water-power is avaiUKi 
Thr^, in India, the Kolar goldfields gave rise to one of th 
earliest hydro-eleetric schemes, employing a long transmissiJ 
hne, namely, from the Can very Falls to SivasarnudAm- S 
30 000 H.P. is installed, mainly on the surface, for Th ^ 
pressors, stamps, rolls, tube mills, sorting, etc. The electrical 
equipment of the rock-salt mines in the Punjab, for disc cutte 
haulage, screening, creepers, pumping, and lighting, has also 
undertaken. In Burma the oilfields, the Ruby Mines of Mogok 
the complex silver ore mines near the Mansan Falla and fte 
Wolfram mines of Tavoy have their several steam or hydro- 
eleetric plants for similar services, as well as for hydraulic minW 
and sluicing and pumping. ^ 

The last-named method, also known as hydraulicing— the me 
of high-pressure water instead of faith for ‘removing mountains’ 
—is of course carried out by means of natural pressure due to tlie 
head on a pipe-hne when conditions allow this; hut in other cases 
the pressure is obtained by pumping, and often electric pumping* 
Gravel pumping is another special application, used in the tin 
mines of Malay (and elsewhere) where it is recorded f that the 
knpeUers and liners last from 10 to 14 days when pumping up to 
D of solid matter. Electrical dredging was used for channel 
clearance in Kashmir twenty years ago and is used for tin (and 
other) mining now. The power is sometimes taken to the dredger 
on barrel floats — a novel form of transmission — 6 to 10 ft. apart 
(Sparks, loc. oit). The annual load factor is said to he about 66 ”/ 
and the daily load factor may reach 85 %. The following 
I^ticulars of au^ a dredger (loo. oit) of smaller size than is 
likely to l>e used in the future, are of interest : — 

Cap^ify 150 000 on. yds. per month from a depth of about 60 ft 
Buckets, 7 cu. ft. each. 


Max. demand, 260 kW. 

Equipment, Transfoimer 3-phase, 60 cycles, stepping down to 415 V. 

ggi^ motor, 150 B.H.P. with belt, friction, clutch, and reduction gear. 

Olaesifier pumps, 75 „ » e 

Pr^ure water pumps, 130 „ 

Ladder hoist, 60 


Hy(toutomat (§ 230, Yol. 1} is in use for this purpose and for air 
compreaaon m Nigena. ^ ^ 

ir. ^ Pederated Malay States,’ A. 0. SpMta, 

m a paper read before the Association of Mining Eleotrical EngineaT^. , Jan., 1928. 
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Wtaoh, 25 B.H.P. 

Screens, 35 ,, 

Tip, 25 ,, 

Cable drum, 3 ,, 

Bilge pump, 2 ,, 

Auxiliary winch, 10 „ 

In tin and other metalliferous mines, and also (as mentioned 
in § 809) in the mining of various precious stones, the use of 
inac^aetic separators is considerable ; not only for removing iron, 
but for any material having even faint magnetic properties. 

In the mine of the Utah Copper Co. (U.S.A.) electric shovels,^ 
^itli caterpillar tractors, have completely superseded the steam 
shov'els previously used, the cost of working the former being only 
37 7 of that of the latter. They have 4| cii. yd. dippers and 
are operated partly by D.C. motors with Ward-Leonard (§ 716) 
control and partly by A.C. motors. 

The Report of H.M. Electrical Inspector of Mines shows that 
electric motors were installed at 852 quarries, including clay, sand 
and gravel pits, in 1931 ; the total capacity of these motors was 
114 145 H.P. of which al^ut 75 % A.C., 21 7o U.C., and 4 % 

mixed. 

The cutting of slate and stone and the crushing and grading 
of quarry products and, in fact, every conceivable mechanical 
operation in and about mines and quarries employ electricity now 
and will employ it to a far greater extent as electric power 
becomes cheaper and spreads its transmission tentacles further 
afield. The considerations in the coal mining paragraphs of this 
Chapter apply, mutatis mutcundis, to all classes of mine, with the 
very important proviso that, where neither gas nor explosive dust 
are present, many of the precautions essential in coal mines can 
be relaxed or entirely abrogated. 
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Lighting, J. W. Whitaker (Methuen). t^toean). 

Mining Electrical Engineering, H. Cotton (Chapman & Hall) 

Papers. 

c-/. Jnsi. c^.. 

UtlliLtion of Exhaust Steam in Turbines (iSid.) 
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O- Stewart (Hid., Vol. 61 p 167) 

The Safe Use of Electrioiiy in Coal Mines, W. W. liomfon (i^d.! 4l. 62, 
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Electricity in Clines, B. J. David [Ibid., *701. 63, p. 391). 

The Applications of Machineiy at the Coal Dace, Sam Mavoi {Ibid., 
VoL 64, p. 989), 

Electricity in ^Mines, E. Nelson {Ibid., Vol. 64, p. 1011, and VoL 65, p. 543). 

The Design of Storage Battery Locomotives for use in Goal Mines, L. 
yiiller {Ibid., Vol. 64, p. 1004, and Vol. 65, p. 536). 

The Utilisation of Waste- Heat and Surplus Gas from OoS:e-Ovens, I. O. P. 
Statham (Ibid., Vol. 68, p. 234). 

Winding Costs, S. Bums (Trans. Inst. Min. JBJ., Vol. 71, p. 141). 

Economic and General Considerations in connection with Colliery Power 
Supply, J. F. Perry (The Mining Electrical Engineer, Vol. 6, p. 62). 

Also the Annual * Progress Eeport ’ (Mining) published in the Journal of 
the I.E.E. 

Mis CEIiEiANBOUS. 

Mining Electrical Tests by E. Dinsdale Phillips. A valuable practical 
brochure published hy Evershed & Vignoles, Ltd., London, W. 4. 
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CHAPTER 33. 


ELECTRICITY IN AGRICULTURE. 


844* Introductory. The two grestest industries in this 
country, one below-ground and the other on its surface once 
flourishing and always wtal, hare now for some time been ’in the 
throes of acute depression. ‘ Agriculture is by far the most im- 
portant industry within the British Empire ; even in England and 
Wales, with its urban conditions, the annual agricultural outnnt 
reaches the figure of £225 000 000.’ * The unbiassed observer is apt 
to wonder whether the entry into politics of coal mining and agR 
cultural questions has not some direct connection with the present 
deplorable condition of these basic industries ; but he is quite snre 
that failure to move with the times has had an even more direct 
efieet. Why otherwise should home farm produce be always far 
more expensive than that from the Dominions and abroad, while 
the farmer complains that he can barely make a living ? No such 
complaint comes from Scandinavia, where there is co-operation 
both in marketing and in power appliances. In view of the 
shortage of agricultural labourers, due to the rush to the colours 
dnrmg the war, and the drift to the towns and their factories both 
then and since, mechanisation is essential ; it began long ago in 
our parallel instance of coal mining (see Chap. 22), and has at any 
rate helped ‘to keep the home fires burning’; but the farmer is 
even less inclmed to change his ways than the coal owner in order 
o keep the home farm running. Furthermore, the farmer gener- 
a y aclss th.e capital “j* necessary for installing modern methods, 


*Bepo^ of the Imperial Agricultural Research Conference, 1927. 
Stationery Office.) ^ 

Af IaI respect has been considerably eased by the arraugaiiOTt 

ns a a ow ^te of interest. Farmers can borrow money more cheaply than 
^yone e ^he scheme for which the loan is desired is approved by the 

^cul^ Many farmers are unaware of these faciUfcies, by taking 
a^^ge of which they should be able to increase their prosperity, repay the 

loan and secum a niajgm of profit. if r-j 
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because holdings are small and Ke seems unwilling to co-operate 
with his neighk)urs except possibly over a cider press. 

From the labourer’s point of \dew also, the long hours in all 
weathers, the isolation, and the lack of all the amenities of the 
town (except 'wireless’) for his family have not been counter- 
telanced by the great rise in pay during the last thirty, and 
especially the last ten, years. His companion, the farm horse, has 
no such freedom to choose where he will work; and, along with 
the pit pony, continues to do work that can he done far better 
and cheaper by means of electrical horse-power. However, it is 
comforting to think that the elephant has at last disappeared in 
warfare, after an innings stretching from the era of Hannibal to 
that of Kipling, and that the horse is following : for mechanisation 
is rightly taking its place both in war and in peace, and modern 
plant objects neither to overtime nor overload. It is a significant 
fact that in America there were about B5 acres in crops per agri- 
cultural worker in 1920 against 18 acres in 18T0, while the power 
used in agriculture has risen between the same dates from If H.P. 
to 4? H.P. per worker, i,e, the acreage per man increased in nearly 
the same ratio as the power employed. 

In this chapter the uses and advantages of electricity in 
agriculture are briefiy considered; and, to save the tedium of a 
complimentary reference on almost every page, a tribute to the 
work of Mr. E. Borlase Matthews, Wh.Ex., M.I.E.E., etc., may be 
paid here. Mr. Willett, who first proposed ‘ summer time ’ — ^now 
adopted by all save the cow — and who was laughed at by the 
whole world as a visionary and an enthusiast, was proved a true 
prophet during the war. Mr. Matthews,* equally an enthusiast, is 
having a harder task ; for when once the war ended, and the 
obvious necessity for ' speeding the plough ’ mechanically lapsed, 
along with millions of acres of arable land, the lesson of our 
dependence on foreign produce was forgotten. Incidentally, the 
absence of any power supply in rural areas has militated against 
the use of electricity ; but the fact that the provision of this 
supply is one of the planks of the edifice now being built up by 
the Cmtral Electricity Board is worth pondering over. 

Except for hedging and ditching and thatching, there are few 

* The aufcliors’ thanks are due to Mr. Matthews for readi^ the MSS. of this 
chapter and maMng many useful suggestions thereon at the time when his own 
f'dume on the subject (see Bibliography, § 861) was just being issued. 
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things done on a farm by man or beast that cannot be bet 
done by power; and there are also but few things don h! 
direct steam- or oil-engine power that cannot be better do h 
electricity. Agriculture is, of all industries, the one req^^’ , 
in the aggregate the most power— more, in fact, than all otT^ 
industries put together,* and there is no inherent reason wr 
nearly all that is now provided manually and by animals should ^ 
he famished electrically. The cost of cultivation can be redu^ 
by applying mechanically a higher power than animals can esert 
thus doing the work more quickly and saving the time d 
labourers; and, apart from this direct saving, it is important 
to be able to get through the work quickly when the weather k 
favourable, as in ploughing— the heaviest work on a farm-or 
thrashing. Power is needed over such large areas that the cm 
venienee and economy of electricity used in individual driving k 
here shown in a most marked degree ; and it is the lonly form in 
which it can be economically transmitted under farm conditions, 
as an alternative to portable prime movers. ^ 

The problem of substituting mechanical for manual labour tm 
the land is acute in every industrial country, as well as in man? 
of the lands which serve to feed the former, because of the 
shortage and high cost of labour for manual tasks on the land 
By increasing the amenities, power may be of real assistance in 
the ‘back to the land’ movement. 

For descriptions and illustrations of various electrical appliances 
for the farm, exhibited at the Paris Agricultural Exhibition of 
ms, the reader is referred to Mr. Matthew’s summaiy in the 
Mectneal Bemew, Vol. 102, pp. 364, 455. Footnote refermicee 
have been given, as usual, throughout this chapter to the authorities 
quoted, chief of whom is Mr. Matthews, who has not only be® 
the pioneer worker in this field in this country, but has also 
visited, exammed and described what has been done abroad 
^ Supply for Agriculture— In Volume 1, Chapters 

4f to 10, the generation of power has been dealt with at 
with comparisons of the various prime movers— steam, oil, wind 
and water— and the various systems— D.C. ■ and A.C., high and 
low pressure, smgle-phase and three-phase. Here it is only 
necessary to consider the specific problem of supplying power to 

• B. Borlase Matthews, JSl. Set)., Vol. 99, p. 182. 
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the farm. The possibilities are enormous, and some of the calcnla- 
tioiis referred to presently appear fantastic ; but there has been 
but little exploitation so far. The problems are new, and demand 
new organisations and methods, because the basic conditions are 
ditferent from those in other industries in densely populated areas. 
The loads are scattered and the distances long; conservatism, 
inertia and the lack of standard equipment have militated against 
the tackling of such a new order. 

It is clear from the lack of progress hitherto that agriculturists 
are not prepared to incur the expenditure involved in laying down 
private generating plant ; the industry is not in a position to fin d 
the capital,* so it is useless to discuss it in detail. If, however, a 
stream runs through, the land, and has any reasonable fall (from 
3 ft. upwards) between the points where it enters and leaves the 
^tate,f the possibility of concentrating that fall at one point for 
the generation of energy is worthy of investigation. True, the 
capital expenditure involved may prove to be prohibitive, but if, 
on the other hand, it should prove reasonable, the subsequent cost 
of power will probably be lower than can be obtained from any 
other source. For the possibilities and assessment of water power 
the reader is referred to Chapters 8 to 10 . In the absence of water 
power capable of cheap development, the farmer must look to the 
‘ cheap and abundant supply ’ promised by the State, and now in 
process of development by the Central Electricity Board (§ 1041). 
An abundant supply can certainly he guaranteed ; but m calling 
for a cheap supply we may find ourselves in the position of being 
able ‘to call spirits from the vasty deep.’ Great savings in genera- 
tion will be made ; but enormous expenditure on the transmission 
lin^ of the national ‘grid,’ and on rural lines radiating from these 
(for which no provision is made in the Electricity Supply Act, 
1926) will have to be paid for somehow. There should, however, 
be a more equal incidence of the cost of supply and an appreciable 
diminution in overall cost as the load factor rises ; and supply will 
be available where at present it is not. 

* See^ however, footnote § 844. 

fin the Beport of the Departmental Committee on Agricultural Machinery 
fMmistry of Agriculture) mention is made of the large number of readily developed 
water powers going to waste, especially in Wales ; and the authors can confirm 
tfak. Where used at all, an inefficient water-wheel is used instead of a modem 
turbine. 


485 



§ 845 ELECTRICAL ENGINEERING PRACTICE 

The national 'grid’ primary supply is 3-phase AC « 
132 kY, 50 cycles, but this E.H.T. supply must be transforial 
down to ordinary high pressure — 3 000 Y, 6 000 Y, or perha 
11 000 Y — for the network which will actually feed the cm 
sumers, at 400 Y for 3-phase motors and 230 Y for lighting and 
small single-phase motors ; and from the feeding point the mattet 
is dealt with in the next paragraph. As an index of praetb 
elsewhere, it may be mentioned that the rural networks in Wk 
consin — ^where electro-farming has gone ahead — are on the follow, 
mg' lines : — 

Single-pliase, 5 000 V, on 30 ft. poles with 7 in. tops, 300 ft. apart, 
with iSTo. 2 Am. W .G. aluminium- covered steel wires. Every tenth pole is ancteS 
and 20 ft. clearance is allowed above-ground. The cost of the line (exclusiYrS 
transformers, arrestors, etc.) is about £150 per mile. 

Secondary— 240 / 120 Y single-phase, 3-wire, on 30 ft. poles, with 6 in. 
(except for those carrying transformers, which have 7 in. tops), 150 ft. spans, *iis3 
2 ^ 0 . 6 Am.W'.G. copper wires. ’ 

At the present day A.C. is the best system from the consumer’s 
point of view. He can transform down to an absolutely safe vol- 
tage for use in farm buildings and houses, while transmitting at 
whatever higher pressure the distances demand to points where 
field work is to he done. For every purpose A.C. is satisfactory, 
and its only disadvantage is that batteries for reserve power can- 
not be charged without the use of a rectifier; but as there is little 
prospect of any farmer desiring to spend money on a battery, tMs 
may be left out of account. A man or a horse, however, will go 
sick far more often than a modern motor. 

It will, unfortunately, be a good many years before supj^y 
from rural lines connected with the ‘grid* will be generally 
available everywhere ; * and, even when it is, service lines of i 
length unknown in town supply will often be necessary. The 
cost of these is a very serious item, whether initially borne by 
consumer, and the latter has, directly or indirectly, to 
pay for them. Just as it may often pay a farmer to sink his own 
well, rather than pay for miles of mains, so it may pay him to sd 
up his own — or his co-operative — generating plant, if he has tbe 
capital (see § 859 on ‘ Ways and Means *). 


*Ail excellent ‘Electricity Supply Map of Great Britain’ was issued as * 
sapplKnent to Elsctrical Industries, Nov. 9, 1932. It reveals clearly the vart 
amount of work to he done before anything like general supply is available » 
agricultural districts. 
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§ 846 

§ 46 . Transmission by Rural Lines. — In the preceding para- 
tfraph it is assumed that 3-phase power at some moderate high 
pressure (3 000 to 6 000 V) Is available in the neighbourhood of 
the farmer from the network of the supply authority ; then that 
authority on demand, would run a service line at the same high 
pressure to the estate. It is abundantly clear that the farmer’s 
business will begin and end on his own land, so that the question 
of transmission thither need not be discussed here ; the transmis- 
sion of power and its control are dealt with fully in Volume 1 , 
Chapters IB to 16, and the transformation and conversion of 
energy in Volume 2, Chapter 17. 

For the comparatively light loads to be expected on a farm — 
and even these seasonal, and often non-existent for long periods — 
coupled with the relatively long distances to he served in agricul- 
ture, it is essential to use overhead lines right up to the point of 
application of the power ; underground cables would be prohibitive 
in cost, as also would even overhead lines of the only nature allowed 
in this country until quite recently. Even the smallest E.H.T. 
cable costs from £400 to £500 per mile installed. A 2-wire single- 
phase overhead line costs about half as much as a corresponding 
cable, and a 1 -wire line (with earth rettirn, as suggested later) 
about one-third as much as a cable ; and further economies will 
be possible under the revised Regulations. In a Memorandum * 
the Electricity Commissioners call attention to the disparity of 
cost between overhead lines and underground cables : — 

For example, tiie cost per mile of a medium voltage (400 [ 230 V) overhead 
disfcributing main ranges from £400 to £800 according to the size of conductor used, 
and hence the amount of energy which can be transmitted. On the other hand, 
the co^t per mile in the case of corresponding underground cables ranges between 
£1 300 and £1 850. Por high-tension transmission, say, at 11 OOO Y, the cost per 
mile for overhead lines would range from £600 to £900 according to the size of the 
conductor, as compared with a range of from £2 600 to £2 700 for corresponding 
underground mains. 

The Memorandum goes on to deal on common-sense lines with 
such questions as wayleaves, pole rentals, and obstructive or dila- 
tory behaviour on the part of local authorities. It should be read 
m eodenso. The "excess of caution that has hitherto always char- 
acterised the Government Department concerned with electric sup- 
ply has, more than anything else, delayed progress in the United 


* ‘Electrical Development in Rural Areas’ (1927), obtainable from the Oom- 
misaioners free. 
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Kingdom ; and it is only in recent years that antiquated Regula- 
tions have come under review in consequence of the appointment 
of the Electricity Commissioners, coupled with the direct pressure 
of the ‘Overhead Lines Association,’ articles in the technical 
Press, and the implications of the ‘ Weir Report ’ (§ 1041). New 
Regulations, issued in April, 1928, and fm-ther revised in' 1931 * 
are m the right direction, though they have been much criticised 
in the technical Press for inadequacy. These rural lines must 
be cheap as well as abundant if use is to be made of them in agri- 
culture. Even in some towns— especially in the Dominions Ld 
India— the load is so scattered that most of the cost of energy is 
accounted for by distribution ; and with farming there will not be 
on the average, more than one consumer to about 100 acres, or' 
say, three farms per mile and sis houses per route mile of distri-' 
bution. Furthermore, the individual load factors will be low 
mtil it has been possible to carry out some educational and 
demonstration work for the benefit both of the engineers and the 
agriculturists; and in any one district the diversity factor will 
emdently be poor, seeing that most farmers will want to perform 
the same operation at about the same time. In most industries 
loa<^ are reasonably constant both in amount and location, but 
a^cultural operations are essentially seasonal, distributed over a 
wide area, and variable from year to year. Cheap overhead con- 
struction m essential,! and portable substations must be used to 
supply loads which may exist only for a day or two at a time in 
any partieular_ field. The data in Table 179 are the ‘weighted’ 
averages obtamed from tests on five rural lines in Wisconsin! 
rangmg from 0-57 to 4-93 miles in length, with from 6 to 26 
c^umers per hne, the supply being single-phase at 5 000 Y 
reduced to -4^/120 Y, 3-wire, by pole-type transformers. 

Amongst further causes that have notoriously mUitated against 

•a 0. 53 and Memorandum El. C., 53 A and B, and El. 0. 53 (Bevised) 

direction has heen achieved in the mid- 
OiiestiiiB distiMct, wiierQ overliead bullc suiddIv af yt" q y, • 

6 600 or 3 300 V fnr Dum supply at 33 OOO V, 3-phase, is reduced to 

o cw orsdW V for overhead branch hnes and to 380 / 220 V for underumund 
^tabutors m tcv^ and villages. Outdoor transformers Ind high volta»e^tch 
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the extended use of overhead lines here are wayleave difficulties 
and costs and guarding requirements ; vrhile insistence on a very 
small range of permissible variation in voltage has hindei’ed all 
electrical progress.^ Guard wires are, more often than not, the 
cause of greater danger than that of the circuits they guard ; and* 
though in towns some earthing device for a broken overhead wire is 

Table 179. — Average. TransforTner and Consumer. 

Data for certain Rural Lines, 

Naraber of consumers per mile of line 6 

Average size of farms served 66 acres 


Average load applied for when service was requested 

. 

5*59 kW 

Average load connected when supply was begun . 
Average load connected at time of these tests : — 

- 

5*11 kW 

kW 


Lighting 

. 0-80 


Cooking 

. 4*20 


Laundry 

. 0-67 


Pumping 

. 0*76 


Cream separating 

. 0D3 


Miscellaneous 

. 0-42 


Total 

— 

6*88 kW 


Average consumption per consumer per annum . . . 1 046 units (kWh) 

Average transformer capacity 5*24 kVA 

Average maximum demand (15 min.) on transformer , . 2*68 kVA 

Average transformer demand factor (= M.D, / connected load) 0*2S 

Maximum demand (15 min.) on line 9*6 kW 

Power factor of line at time of maximum demand . , . 0*94 

Demand factor of line ( = M.D. / connected load) . . . 0*109 

Diversity factor = maximum demand of line / sum of trans- 
former maximum demands 0*48 

Dosses in lines, transformers, and meters (= line input - 

sum of meter madings) 28*6 

necessary, in the open country the ordinary guard wire is super- 
fluous. The new overhead wire Regulations (see preceding foot- 
note) have abolished the necessity for guard wires in most cases. 

The supply of power to any given estate will, as in the case 
of other consumers, he delivered and measured at one point — 
generally near the house or farm buildings. From thence the 

■*Tlie Electricity Gommissioners are prepared, under their Regulations for 
ensuring a proper and sujBficient supply (§ 1041) to allow in special cases a voltage 
variation witMn the limits of plus 4 and minus 8 of the declared voltage on rural 
lines, for a provisional period pending the completion of the distribution system and 
its full measure of interconnection; see their Explanatory Memorandum El. 
0. 53A. 
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consumer will have to make his own arrangements. Assumin 
(as we safely may) a high-pressure, 3-phase supply from the 
mains, there will probably be a pole-type, outdoor substation 
(§ 381) with the minimum of gear; mainly an air-break, high- 
tension switch of the horn arrestor type and a pole-type trans- 
former * with tappings for such voltages as may be required. 

Fig. 392 shows a typical ‘Metrovick’ outdoor 3-phase sub- 
station of the Northwieh Electric Supply Co., equipped with a 
25 kVA, 33 000 / 416 V, 4-wire transformer, controlled bv a 
33 000 V, 3-pole combination. 

Fig. 393 shows a similar substation of the same make be- 
longing to the Chester Corporation, with a 50 kVA, 6 600 /400 Y 
4-wire transformer controlled by a 6 600 V, 3-pole farm line 
combination. In this, outdoor isolators connect the underground 
and overhead cables. 


If the estate is large, further overhead lines will be run by the 
consumer to various points, probably in the form of a cor^lete 
low-tension ‘ring main’ of bare wire carried on wooden poles 
fixed in the hedges. So long as there is suflScient clearance at 
gates for a loaded hay cart, and over the hedges for a huntsman 
with a good mount, there is no need for the 20 ft. minimum of the 
old Regulations, and the new code (footnote supra) recognises 
this. It would appear quite sufficient to allow 12 ft. minimum 
clearance ateve ground, except when passing gates, and 6 ft. 
above buildings. With short spans— the poles being obtained 
usually from the estate — a clearance of 16 ins. between wires 
would generally be sufficient. 

Poles for overhead lines are dealt with in § 323, Vol. 1, and the 
preservative processes for wooden poles in § 86, Vol. 1 ; ' but the 
Mter reference may be supplemented by mention of the so-caUed 
‘Gohra process,’ which can be used either on cut poles or on 
growing timber, such as spruce, previous to cutting. A portable 
tol like a pole-axe is struck into the wood, and from injector 
holes near the point the preservative paste is forced in (by a 
^ease-gun type of piston) and left to spread evenly throughout 
the timber. The paste is 15 % of sodium dinitro phenate and 


^ smaUest size of transformer eoonomi- 

for O— . 1 ^ / 220 V or 400 / 230 V system. On a 3 OOO / 220/ 127 Vsystem 

^ considered that smaller Sms- 

lonoers can be used with economical results. 
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85 sodium fluoride; and afterwards 'eeloyd’ — composed of 
creosote, naplithylamine and dinitro-cklorbenjzole — is brushed over 
externally. Tbis process seems particularly well adapted for 
farm lines, where suitable coniferous trees are often available. 
Young oak trees are very suitable for farm lines, as they need no 
preservative other than tarring the part in the ground and one 
foot above. Alternatively ferro-concrete footings or post-carriers 
are rapidly coming into use, one French firm having supplied over 
200 000 of them. 

It is open to the farmer to use his power in any form he 
chooses, subject to such Regulations as may be in force. The 
choice will generally lie between 3-phase and single-phase A.C. at 
various pressures ; for he will certainly not install rotaries or 
rectifiers, and he would not be wise to do so. The 3-phase motor 
still has a distinct advantage over the single-phase (for motors, 
see Chapters 28 to 30), but single-phase gives simpler distribution. 
The acme of simplicity would he reached by single-phase distribu- 
tion with one overhead wire only, using an earth return (§ 903). 
Such a system is not at present allowable in this country, but it 
appears to be technically satisfactory (except possibly for telephone 
interference difficulties) and is in use abroad. The cost of distri- 
bution mains will in any case be so high in proportion to the use 
made of them, and the revenue obtained from them, with only 
seasonal loads at considerable distance from the point of supply, 
that cheap construction is imperative.* 

847. Distribution from Rural Lines, — Having a supply up 
to the main buildings, and branch overhead lines to the best 
strategic points on the farm, the next question is that of distribu- 
tion (a) in buildings, and (5) on the land. 

In Buildings . — For internal installation work generally, 
Part Y. (Yol. 2) should be referred to. Of the systems of 
wiring described in Chapter 23 in that Part, all are available; 
but preference should perhaps be given to metal-enclosed or 
metal-sheathed systems (except of course in byres or stable), 
because of the possibility of a short-circuit causing a fire. These 


* W. Fennell (FJZ. B&v., Vol. 95, p. 564) rec5oinniends for branch lines, cariyiDg 
up to 40 WA at 3 OOO or 6 OOO Y : 34 ft. poles, 7^ ins. diam. afe 5 ft. from 
the butt, planted 5 ft., with, 240 ft. spans and single No. 7 S.W.G. csopper with, 
earth return ; costing about £145 i)er mile. The same, with two-wire circuit, he 
estimates to cost £245 per mile. 
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systems are, however, expensive compared with the ‘GTS ’ 
‘tough rubber-sheathed’ system (§§ 551, 565), which is the most 
easily installed and lias pro\red both safe and reliable. Further- 
more, this wire can be used with advantage for flexible connection 
to ^ any portable electrical apparatus about the farm house or 
buildings, from plug sockets suitably placed. It is suggested that 
the sockets should have covers attached to them for proteetins 
the terminals when not in use — indeed this would be advantageous 
everywhere, and a falling spring flap cover could easily be attached. 
Mr. Borlase Matthews* recommends running the wiring of the 
building on the outside walls, imder the eaves, and tapping 
this where required ; or, alternatively, the use of bare wire on 
insulators rather than insulated cables, to serve as a ring main 
around the buildings, as then it is easier to tap at any point, and 
the first cost of installation is low. (For data as to probable 
consumption, see § 858.) 

On the La'nd . — It will depend on the acreage in question 
whether the private overhead lines on the farm itself are low- 
teiMion or high-tension. If any pressure higher than about 
550 V IS used, it will be neceasaiy to transform down to 
(probably) 500 V where the power is used. For this purpose 
a portable substation will naturally be used, the transformer 
temg earned on a track, with such simple switchgear as may 
te necessary, taken by a tractor or horse to the point of use 
From this point, or from the lines themselves if they are low- 
press^e, flexible cables will he used to connect up any field 
machinery to the overhead lines. The plain rod, with a hook to 
hitch oyer the nearest point of the line, though often found 
abroad, is only suitable for low-pressure lines, if even for these. 
For any pressure not safe to handle, some secure method of 
tappmg us essential. Several devices in use are described by one 
of the Authors f tapping high-tension lines by means of sockets 
m such a way that the plug can neither be inserted nor with- 
drawn while the socket is alive. 

The connection is brought down from the line by a flexible 
cable, M stated above, and for long lengths of this a suitable drum 

® xe-wound after use 

without kmking. The type of flexible (§ § 284, 285) will of counse 

t R. E. Neale, M. Rev., Vol. 87, p. 507 
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depend on the line pressure and the current to be carried. On 
most farms, one overhead supply line through the centre of the 
arable portion will usually suffice; in the case even of large farms, 
it -will generally be found that two such lines will he enough, one 
along each of the two major axes of the arable land. 

848 . Electric Lighting and Domestic Power in the Farm 
Buildings.— For electric lighting, Chapter 25, and for electric 
heating, cooking, etc.. Chapter 26 of Volume 2 may he consulted. 
Except for the fact that the absence of neighbours makes other 
amenities more desirable, the farm house is in much the same 
position as any other house of similar sixe in a town. Good 
lighting is always desirable ; and once electricity is installed, the 
question of electric cooking and water heating come up, because by 
their means it may he possible to improve the load factor and thus 
cheapen the cost of supply (§860). The electric flat-iron is 
almost a necessity in every household, as the Americans long ago 
found out ; and on a farm, where there is constant home washing 
to be done, it is especially valuable. ISTowadays, in the home 
counties at least, a large number of farm houses cater for the 
country rambler, and in this respect electric toasting, kettle boiling, 
grilling, etc., will prove useful. 

Having gone so far, the farmer will naturally prefer to use 
electric light to relieve the gloom — and the traps in the way of 
muck-heaps — by an occasional light in the farmyard and barns, 
and to light his cow-house and stables properly. Not only will Ms 
fire risk be thereby relieved — with presumably a reduction in the 
premium — but cleanliness will be possible in a way that it is not 
■with the hurricane lantern and smelling oil. By means of multiple 
switching (§§ 502, 503), Mr. Matthews points out * that both con- 
venience and economy will be obtained, and ‘as the stockman 
walks round tending to his cattle he can always be working in a 
good light without wasting it elsewhere.’ With good lighting, 
one-tMrd of the time usually occupied in feeding livestock can ^ 
saved; and, in a noilking barn, the milk that is not accidentally 
spilled due to had lighting conditions will more than pay for the 
cost of the electric light. 

849 . Industrial Motive Power on the Farm. — In subsequent 
paragraphs -various uses of electric motors in agriculture are dealt 


* El. Bev.i YoL 93, p. 453. 
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■with, while motors, motor control, and electric driving and hoistinv 
are the subjects of Chapters 28 to 31. Here it is only necessary 
to point out that the keynote of any adaptation of motors to the 
special needs of the farm must be simplicity and fool-proofness • for 
the agricultural labourer is seldom mechanically minded, even if 
his master may have " a little knowledge.’ * 

In addition, motors for use in the fields — even when housed in 
portable trucks — should be enclosed and weather proof ; and for 
security it is desirable that those in farm buildings should be of 
the same construction, owing to the amount of fine dust insepar- 
able from barns and thrashing fioors. As to rating, the wisest 
course after electricity becomes available is to run each successive 
piece of machinery from a motor, with measuring instruments in 
circuits, so as to ascertain precisely what power it requires before 
proceeding further: thus avoiding both the Scylla of excess ex- 
penditure and the Charybdis of under-power. Much depends on 
the present condition of the machinery, and on how often it has 
been laid by for six months without having been cleaned up or 
oiled. Generally speaking, the 3-phase squirrel-cage type of 
motor will be the best for all-round use. 

850. Bam Line- Shaft and Portable Motors.—There are 
difficulties in applying the individual drive (§748), which is the 
ideal of electrical engineers for most collections of machinery, to 
the heterogeneous assortment of machines found in farm buildings. 
A single motor, whether fixed or peripatetic, has a better chance 
of being looked after than half a dozen ; and most of the apparatus 
requires comparatively little power, and this at varying times, so 
that one motor can serve a number of different machines. 

On the other hand, Mr. Matthews writes : 'The experience of 
Continental farmers, who start out with a couple of portable motors, 
in five to seven years’ time, is that the individual drive is pre- 
ferable. Theoretically it is economically wrong, as the load 
factor is so low, but in practice, men’s time and convenience have 
to be taken into account. Also machines can be placed in the 
most convenient position for their work.’ 


* long ago the present writer in the course of a walk came across a fanner 
^ two labourers held up over a two-horse reaper that would not bind the sheaves. 
They were going off to the town in a Ford car to bring out a mechanic, none of 
havr^ the haziest notion of the gear. A washer out of the spares box put 
mattezs light in five minutes. 
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Generally a line-shaft exists where a steam engine at present 
does the work, and the corn and cake crushers, root and chaff 
cutters, etc., are driven by belting. Assuming that the shafting 
has been in use for many years without examination, it will 
probably need realignment and fresh bushings to the bearings, in 
which quite a large number of units (kWh) may otherwise be 
unnecessarily wasted annually ; ball bearings are being used in 
many places on the Continent. Most farm buildings are old and 
somewhat decrepit, which does not make for good construction. 

As an alternative to a line-shaft, especially where this is not 
already in being, a portable motor on a wheeled truck may be 
employed, fed by a flexible cable of the hardy type used in 
mining (§ 820) ; a method to he recommended to a farmer for a 
start. One such is illustrated in Fig. 394, facing p, 498. This 
particular motor truck is designed for hoisting produce, such as 
sacks of corn or bales of fodder, up to 3 cwt. ; cab-tyre flexible 
being used for connecting it up. 

On the Continent motors are specially designed and built for 
agricultural work, as the standard designs are often unsuitable on 
account of the exposure they have to withstand. Continental 
agricultural motors usually run at about 1 4(>0 r.p.m. hut speeds 
up to 3 000 r.p m. are sometimes employed. Roth there and in 
America* all the usual devices for speed reduction have been 
tried out; pulleys and belts, jockey pulleys of various types, 
back-geared motors, friction-disc drives, etc.; among them (on 
gear-wheel speed reduction motors), a novelty in the form of a 
hollow tubular driving rod with a universal Hooke joint at the 
end, to save exact alignment. 

The thrashing machine, if of the complete type usually fixed 
in the barn (as is preferred), will require its own motor, of much 
larger output (viz. 20 to 25 H.P.) than is needed for the smaller 
machines- Thrashing machines of the portable type, lacking many 
of the subsidiary devices, and suitable for use in the field, consnme 
about J of this power. Generally speaking, a 5 H.P. portable 
motor will do everything that is required on a farm except 
ploughing and thrashing, though a smaller one will generally he 
useful as well. 

Where fixed thrashing machines are installed, the handy 


* /See Power Plank Engineering, Aug. 15, 1925, p. 854. 
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auxiliary motor can be used to convey the sheaves to the 
thrasher; take away the thrashed straw to the barn or y&ri- 
elevate the grain to the granary; and blow the chaff to the 
chaff-room; thus reducing the thrashing crew from a dozen to 
three or four. Owing to the steady drive, electric thrashW 
increases the saleable grain by about 5 7o- ° 

Among the various machines used in the farm buildings 
chaff-cutters and corn-grinders are mentioned above ; the former 
require from 2 H.P. and consume from 5 to 7 units (kWh) per ton 
cut, while the latter consume about 5 kWh per ton. Both these 
are very convenient for filling up hollows in the load curve, as 
they can be put on at odd times. Circular saws and brushwood 
cutters are often used, and some data relating to them are given 
in paragraph 858. 

851 . Electric Ploughing.— Any form of mechanical ploughing 
has the immense advantage of being able to turn up a far deeper 
farrow, of more uniform depth, than is possible with horses ; just 
as the horse plough goes far deeper than the primitive ox-drawn 
wooden ploughshare of the East. Depth, and especially uniform 
depth, is always of advantage in good soil, though more so for 
some crops than others : e.g. it is the basis of successful sugar- 
beet growing. Furthermore, if sufBcient power is provided, 
multiple ploughs can be used and a wide strip ploughed (up to 
4 ft. or so) instead of a single furrow only. Mechanical plough- 
ing has long been used, and in recent years electric ploughs have 
been employed by the hundred on the Continent— in France, Italy 
and Germany in particular— as well as experimentaUy in Canada 
and the U.S.A. ; but Mr. Matthews’ own appears to be the sole 
survivor here at present. And yet this work offers by far the 
heaviest load of all farm work, as stated above. 

Mechanical systems of ploughing now in use are either of the 
automobile tractor type, with petrol engines for the most part, or 
of the steam or oil-driven rope-haulage type. The former has the 
diMdvantage of imposing a heavyweight on the ground where the 
wheels run, and thus partly neutralising the effect of opening up 
he ground by forming a ‘ pan ’ below the furrows. The tractive 
resistance to the passage through the ground of a plough is both 
very great and very variable, according to the state of the ground 
--whether dry or wet; the nature of the soil; stones met with, 
etc. Experimental work at Rothamsted, confirmed by full-scale 
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tests on Mr. Matthews’ farm, shows that the resistance can be 
reduced as much as one-third by causing a current to pass 
between the coulter and the ploughshare, which causes a film of 
moisture to be formed between the furrow slice and the ‘ mould 
board ’ which turns it over. The accidental electrification of the 
driver’s seat, however, of which an instance has been recorded, is 
inadvisable. 

By Tractor . — Electric ploughing by means of a tractor in- 
volves the use of a trailing cable, which puts it at a decided 
disadvantage, though Mr. Matthews favours the method for the 
small farmer, partly because the tractor can he used for other 
purposes also. To suspend the trailing cable from a captive 
balloon, as has been done in Italy,* seems a trifle far-fetched as a 
solution of the dragging difficulty. A preferable method, though 
not altogether free from the dragging objection, is to pay out the 
cable from a drum on the tractor on the outward furrow and 
rewind it on the return trip; or to adopt the principle of the 
McDowell plough, t which, while incorporating this feature also, 
eliminates any dragging at all by using in addition a special cable 
trolley or portable pole for the main lead to the plough cable. A 
30 H.P. tractor plough, according to Mr. Matthews, can deal 
with 6 acres per day to 8 in. depth, equivalent to 28 units (kWh) 
per acre. 

By Rope Haulage. — Alternatively, electric ploughing is effected 
by means of wire-rope haulage, in one of the ways used for steam 
ploughing; a close parallel to the haulage of trucks in colliery 
workings (§ 831). In almost every case a double-ended multiple- 
share balance plough is used, so that it ploughs a wide strip of 
several farrows and need not be turned round at the end of its 
travel ; it is clamped on to a wire rope which supplies the direct 
motive power. In this system the compressing effect of a heavy 
tractor on the soil is avoided. There is hardly a limit to the 
power which can be applied, where circumstances demand it. 
Some of the Continental single-drum winder (Howard or Fisken) 
equipments have from 30 to 60 H.P., 3-phase, 500 Y induction 
motors. 

The systems of applying rope haulage to ploughing, mentioned 


*EL Eev., Vol. 101, p. 898. 

flhid., Vol. 99, p, 4, and Vol. 101, p. 1013. 

497 


voii, HI. 


32 



§ Ssi ELECTRICAL ENGINEERING PRACTICE 


in the Report of the Electricity in Agriculture Committee to thf^ 
Council of the I.E.E. * comprise: — 


(c) Bj means of two stationary motors placed one at each side of the field f 
he ploughed, with a single steel cable traversing the distance between them th 
plough being hauled in one direction by one motor and in the other 
the other motor. direction by 


(d) By means of a single movable motor placed at one side of the field and 

movable anchored pulley at the other, the plough being moved from one side 
the other by a steel cable which passes from cable drums on the motor rourid iZ 
pulley. ^ 

(e) By the Howard or Fisken system, where a single fixed motor is used and 
by means of ropes with movable anchored pulleys, the plough or other imnlement 
IS drawn backwards and forwards across the field. 


The Teseari system also has the advantage that the single 
motor truck is kept stationary. It has a double winding drum 
and the wire ropes run round the field instead of merely across it. 
Guide pulleys are used at the four comers of the field, of which 
two are mounted on trucks, and the plough runs between these 
two, which are moved along as the work proceeds. 

Mr. Matthews states f that ‘the wire-rope system, with motors 
of 60 to 150 H.P., has an enormous capacity for work, up to 
30 acres a day, as against only an acre a day for horse ibugh- 
ing ; but he considers the flexible-fed tractor of about 25 H.P. 
more suitable for the individual farmer. A communal plough— 
workM co-operatively— can be operated, he considers,^ on 200 
days in the year— a great consideration, in view of the f^t that it 
requires more power than any other farm operation ; the estimate 
seems rather optimistic, hut it has actually been worked to by 
several ploughing sets in France in the last three years In a 
pa^r read before the I.E.E.§ Mr. Matthews gives the following 
table of costs, based on 200 working days, with a life of 15 years 
for the apparatus and of 2 years for the cable, but exclusive of 
* overhead charges/ 

For d^p ploughmg the cost of current only may amount to 5s. 
per acre, bringing the total cost of electric ploughing up to from 
8s. fco 6d. per acre. 

These fibres may be compared with those given by the 
Electricity in Agrieultnre Committee of the I.E.E.H 


* /vur LE.E Voh 63, p. 838. + m. Bev., VoL 99, p. 138. 

El. See., Vol. 101, p. 1013. § 

11 Jour. I.E.E., Vol, 63, p. 840. 
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Steam ploughing . . 15s. to 25s. per acre. 

Tractor ploughing . . 17s. 6 d. to 30s. per acre. 

Horse ploughing . . 20s. to 35s. per acre. 

Ploughing equipments can be so designed as to be capable of 
use also for harrowing, rolling and sowing.^ When used for 
ploughing, the consumption varies from 15 units (kWh) per acre 
after rain up to 72 units (kWh) per acre in dry soil, and according 
to depth. 


Table 180 . — Goat per Acre of Electric Ploughing, 07-dinary 
Soil, from 6 8 in, deep. 



Double-rope 
System -with. 
Two Haulages. 

Modified 
Ditto with 
One Haulage 
and Anchor 
Wagon. 

Anchor 
System with- 
out Pulley 
Wagons. 

Tractor. 


s. d. 

s. d. 

s. d. 

s. d. 

Depreciation 

0 8^ 

0 8 

0 6 

0 6 

Interest at 6 % . 

0 8 

0 7 

0 6 

0 5 

Cable ...» 

0 8 

0 6 

0 3 

0 5 

Repairs .... 

0 8 

0 7 

0 3 

0 5 

Labour .... 

1 8 

1 5 

8 0 

1 4 

Energy at Id. per kWh . 

1 3 

1 6 

1 8 

2 0 

Total per acre . 

5 7| 

5 3 

6 1 

5 1 


852. Electrical Treatment of Green Fodder and Corn. — 

Ensilage . — The use of the silo has not become general in this 
country, in which above all others the climate makes it desirable; 
in a cycle of wet and sunless summers, such as occurred from 
1922 to 1927, the hay crop is mostly ruined when it could be 
saved either by artificial curing or drying, or by green storage. 
In its simplest form the silo needs no extraneous aids ; a shallow 
pit is dug in the field and the freshly cut grass is stacked in and 
above it and then covered completely over with the excavated 
earth. The operation of stacking and covering is quickly done, 
and the fodder is so highly compressed that although it is fer- 
mented it cannot fire spontaneously as a wet hay rick will often 
do. The proof of the silo, as of the pudding, is in the eating ; and 
beasts readily consume this primitive ensilage; but considerable skill 


R. E. Neale, El. Bev., Yol. 87, p. 607. 
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is needed in making it, or sour silage is produced — which is the 
reason it has gone out of fashion. The modern silo is enclosed by- 
walls, generally in the form of a cylinder, in order to gain height 
and adequate compression. If metal plates are made to cover the 
whole of the top and the bottom, according to the method de- 
veloped hy T. Schweizer in Germany, a current can he passed 
through the damp mass,* the lower plate being earthed. Where 
3-phase supply is on tap, three separate silos are arranged on the 
phases, with the lower plate as the earth star point. This is not 
an electrolytic, but a heat process; so that either D.C. or A.C. 
can be used, at (say) 220 or 380 V. As soon as the current is 
turned on, .the cells in the plants cease to function, and much 
valuable protein is thus saved from destruction. The charge is 
continued for three or four days, the current rising gradually 
from 3 A or 4 A to about 50 A for a silo of 8 500 cu. ft., and the 
temperature rising to about 50° C., so that most of the destructive 
bacteria are killed. 

The consumption is about 23 imits (kWh) per ton of fresh-cut 
material and 50 units (kWh) per ton of cured silage ; which also 
gives the latter figure per head of stock to be fed. It is not ad- 
visable to fill the silo before beginning treatment or the electrical 
resistance will be too great at the voltages usually available. Mr. 
Matthews (loc, dt.) points out that the best results are obtained 
by working on each layer of about 5 to 6 ft. thickness as it 
accrues. 

Electrical Drying of Crops . — Artificial drying is applicable 
both to grass (for hay, as distinct from ensilage) and to cereal 
crops. So long as the weather is good, sun drying in the field is 
likely to hold its own, both in cost and often in quality ; but some 
proportion of the 640 000 000 units (kWh) which, it has been 
suggested, might he employed in electrical drying will no doubt 
serve to counteract the vagaries of our climate. The method 
employed is to stack the crop as it is cut, over an air-distributing 
framework in the form of a hollow central cone, supplied with air 
by a duct fed by a pressure fan (§ ‘IGB). Either air at the ordinary 
temperature or hot air may be employed. Ricks up to 8 tons of 
■finished weight can be treated by the hot-air process (developed at 


* Electrical World (New York), quoted in Beama Jour. Also EL 
Yol. 92, p. 56a 
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the Institute of Agricultural Engineering in Oxford from the earlier 
work of Matthews and Tinker) in 8 to 12 hours. It is to be feared 
that oil or other fuel will generally be used in preference to elec- 
tricity for heating the air, if this system comes into full use; but 
the fan offers a useful load. 

Fig. 395, facing p. 499, illustrates a crop-drying outfit designed 
by Colonel Lyon for use on his farm, on the principle of the 
afore-mentioned patents, with air heating arrangements consist- 
ing of hot-water pipes round the central conical air tower and a 
small furnace. The apex of the cone is coxered, and air is driven 
through the duct into it from an electric fan, whence it passes 
between the hot pipes and through the stack. 

Mr. Matthews favours the atmospheric air method of curing, 
after considerable experimental work, owing to its lower cost and 
the very much larger quantities that can be dealt with at one 
time. Under conditions of wet weather, the hot-air system is, 
however, necessary in conjunction with the other. With a rick 
consisting of 50 loads of grass and ending in 25 tons of artificially 
cured hay, the total energy used was 34 kWh or 1*3 kWh per ton 
of product* The quality is stated to have been better on an aver- 
age, and the cost less, than with sun curing and constant manual 
turning over during the process ; power cost 2s. 3d per ton, and 
the capital cost of the fan was £50. Corn can be similarly treated 
and then thrashed at once. 

In America the continuous method of drying green crops — corn 
and fodder — is in use.^f* The crop as harvested is brought to an 
elevator with a 10 H.P. motor, and is then passed down through 
a series of rollers which comb it out into a uniform mattress 8 ft. 
wide and 10 ins. thick. This travels on a conveyor band, driven 
at 5 ft. a minute by a 10 H.P. motor, through a drying tunnel, 
served with air at a temperature between 250° and 400° F. (accord- 
ing to the crop) by a 30 HP. motor fan with a capacity of 80 OOO 
cu. ft. of air delivered per minute. For heating the air, anthracite 
is directly used owing to its smokelessness, the consumption being 
1 lb. per 2 lb. of dried crop. The plant referred to, which is the 
second designed hy Mr. Mason, is installed on a 600-acre arable 
farm in Plainsboro’, New Jersey. It cures and hales 20 tons of 


* EL Bev,, Vol. 91, p. 287. 

tMr. Matthews, El. Bev., Vol. 100, p. S49. 
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Kay in 10 hours, with 8i tons of fuel for heating. It cost £4 500 
to equip, and costs about £4 200 per annum (including all labour), 
the resulting crop being worth £12 000. An interesting feature 
is that it is possible to keep it in operation for six months in the 
year, thus bringing about factory conditions of regular work for 
the men. 

853. Irrigation, Pumping, and Draining in Agriculture.— 

Where there is sufficient natural slope in the ground, land drainage 
is to a large extent automatic, or at most requires the provision of 
furrow draining by means of pipes or deep-cut rubble-bottomed 
‘clinker drains’ ; but on flat or waterlogged land pumping is often 
necessary. In some cases this is combined with water supply, either 
for domestic use or for irrigation. Much of this is done by wind 
power, but there is also great scope for electricity. The prehistoric 
method of the ‘Kareae/ used to this day in ISTorthem Asia, taps 
underground water by means of a series of wells connected by 
tunnels, starting on the higher ground and descending towards 
the valle 3 ^, where it reaches the surface. A modern parallel or 
substitute is the wire-wound percolation ‘ tube well, ’ served by an 
electrically-driven centrifugal pump (see below). 

Pumping for water supply , — Apart from special applications 
for drainage and for irrigation, pumping is required on most farms 
for water supply for man and beast. For general information on 
the subject of electric pumping §§ 767 et seq, may be consulted; 
and for the cost of small pumps, see § 573 (Vol. 2). The modem 
windmill naturally obtains most of this load, but as wind power is 
both precarious and uncertain in amount and duration, some more 
secure reserve is generally added. Once electricity is installed, this 
reserve will naturally take that form in preference to the usual oil 
engine. 

Pumping for iT^igation and De-watering , — ^What the wind- 
mill has done in the past, and is still doing, to reduce flooded 
or waterlogged land to a cultivable state is to-day often done 
by electrical pumping and will to-morrow be done to a far greater 
extent ; for a pumping load in almost every case is one that can 
be temporarily shut ofl at times of peak load and thus used to fill 
in the hollows of the load curve. This property is equally useful 
when the pumping is purely for irrigation or when it is combining 
the double function of de-watering and irrigation, provided of 
course that the supply of power is from a public plant or a plant 
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having other load, and not from a private plant erected for this 
work alone as in the Indian examples that follow. 

The climate of Great Britain for the most part renders irriga- 
tion (other than by hose-pipe) unnecessary; hut in arid countries 
it is often the life-blood of a large population on land that without 
it would be desert. With irrigation purely by gravitation canals 
we are not here concerned : but wherever these are used there are 
likely to be extensive areas just ‘ out of command ’ of irrigation, 
i.e. at a level (whether six inches or a hundred feet) above that of 
the canal. 

Furthermore, these canals almost invariably have falls on 
them at intervals, to ensure correct grading.* Here then are the 
ideal conditions for developing power at a fall (§ 218) and using 
it to pump water from the canal on to distributary channels at the 
higher level. From an economic point of view it follows that, the 
lower the super-elevation of the uncommanded land the greater 
the area (in inverse proportion) that can he so irrigated from the 
power available at any fall. But so great is the yield of crops 
from some of these irrigated desert lands that it may pay to 
convert a six-foot canal fall into a sixty-foot lift of about one- 
twelfth of the water flowing through the wheels. 

An admirable example of this is the installation, with which 
one of the authors was professionally connected, put in at Renala 
(Punjab) by the late Sir Ganga Ram. That far-seeing engineer, 
after a preliminary and successful experiment with steam plant in 
1916, obtained from the Punjab Government a lease of nearly 
80 000 acres (125 sq, mile) of sandy waste above the Lower Bari 
Doab Canal, on which he constructed a power station of 1 100 kW, 
using a fall of 6 ft. The scheme comprised 72 miles of new 
branch canals and dLstrihutaries, 626 mOes of water-courses 
from which the water actually flows on to the land, 45 bridges 
and over 600 miles of roads together with seven pumping stations 
and transmission lines to them. The pumping heads vary from 
4 to 8 ft. (static) and the 16 pumps have capacities from 6 up to 
50 cusecs. Vertical shaft centrifugal pumps are used, driven by 

* For the benefit of those who only know the navigation canals of the British 
Isles it should be es^lained that these are practically dead level in each stretch, and 
are only fed with jnst sufficient water to make up for what is lost or let down 
through the locks ; but an irrigation caaial is a flowing river, feeding thousands of 
tributary ditches, and must he so graded as neither to scour iti banks nor unduly to 
deposit the valuable silt it carries along. 
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3-pliase vertical slip-ring* motors through epicyclic straight-toothed 
gearing. Apart from its technical interest, this work provides 
good agricultui-al land for a population of 100 OOO settlers, mostly 
ex-service Indians. In California large areas are similarly irri- 
gated from wells, the pump-houses being served from the hydro- 
electric plants which abound there. 

Where an unlined irrigation canal of large capacity runs 
through porous sod there is very great soakage through the 
banks, and the suh-soil water is raised until its slope away from 
the canal reaches equilibrium ; and similar effects occur at all the 
distributary channels and water-courses of the system. In some 
cases this results in complete water-logging of the land, with evil 
results in increase of malaria. An interesting experimental plant 
was put up a few years ago near Amritsar (Punjab) to deal with 
these conditions. Tube wells were sunk over the area, served by 
vertical centrifugal electric pumps, the power being obtained from 
a low canal fall. The point here is that the intensive irrigation of 
the land was carried on by means of water pumped from the 
saturated sub-soil into the water courses, so that the level of the 
water-table was gradually lowered; and, meantime, the water 
from the canal which had previously been poured on to the land 
with disastrous results was conserved in the main canal and used 
in the reaches lower down. 

Pwmping for ReGlamatio'n. — Parallel to the last -mentioned 
application is that of the reclamation of swamp or fen lands, 
actually flooded instead of merely water-logged, of which Holland 
affords the best-known examples. A case lately occupying latten- 
tion in this country is that of the Ouse drainage in the Fen 
district. A suggestion has been made ^ for combining electrical 
pumping in this area with the provision of power for other agri- 
cultural purposes. Naturally gravitation would be used pari 
pasm with pumping, where tidal conditions and ground slope 
admit. In many tidal ‘ saltings ’ — such as those in Essex — it 
would be a comparatively simple matter to build a mud embank- 
ment sufficiently inland to escape destruction, with both automatic 
tidal outlets and powerful centrifugal pumps. The pumping 
‘ head ' would be extremely low, and the ‘ duty ’ great, in pro- 
portion to the power required (§ 768). 


* The Tirms^ April 25, 1924, p. 6. 
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854- Haulage in Agriculture.— For general data as to 
haulage on rails, §831 (Mining) may be consulted; and haulage 
on roads— or off them— only differs in the higher and less easily 
ascertained tractive resistance, which must be fabulous on the 
average farm road. For electric road vehicles, see Chapter 36; 
hut battery cars are not likely to have much scope in the present 
connection, as the dead-weight of the batteries is serious, and even 
the hardiest cell could not stand up to the ruts and pot-holes 
which eomtitute a track. Lifting and hoisting are dealt with in 
Chapter 31. There is scope for elevators of one form or another 
on most farms, where the laborious methods of our ancestors are 
still used, as instanced above in the course of the treatment of 
green crops (§ 852). 

For tractors generally there are a variety of uses, but elec- 
tricity is at a disadvantage compared with petrol. Either a 
trailing cable or a trolley line is needed. The trailing cable is 
liable to damage and heavy wear from being dragged, even if the 
heaviest type is used — and this will be both costly to provide and 
difficult to handle. Fixed troUey lines cannot economically be 
run except over definite tracks on the farm, leaving the questions 
of by-ways and of breaking bulk by transfer unsettled. Tarious 
ingenious schemes have been devised for the temporary erection of 
portable trolley lines, including one with a motor-driven friction 
clutch to keep the wire taut ; but the system is on the whole not 
very practicable. It is best to realise and admit that there are 
limitations even to the uses of electricity.* 

An A.C. supply has been assumed throughout this chapter 
as necessary for transmission and transformation for rural 
supplies, and as the accepted national system of the Central 
Electricity Board; but even the 3-phase induction motor is not 
altogether suitable for tractor work, while single-phase would be 
quite unsuitable. The power installed on electric tractors usually 
varies between 15 and 30 H.P., and in Sweden many such are in use, 
according to Dr. A. Ekstrom.t The ‘ caterpillar ’ type of tractor 
has obvious advantages, in its capacity for traversing any sort of 
ground and so in a lesser degree has the modem 6 -wheeled 


* Beference may be made to a paper on * Transport on the Farm,’ read by Mr. 
Matthews- before Section G of the British Association at Leeds, 1927. 
f EL Bev,, Vol. 101, p. 558. 
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chassis. It is stated * that work can be found for a tractor on the 
farm for about 1 000 hours per annum. 

855. Dairy Work. — In these days, when old plough lands are 
again reverting to pasture, the dairy is not only one of the most 
important features of the farm, but also the one in which the 
advantages of electrical working are most certainly realised. The 
milking machine -will he driven better than by any other power ■ 
the operations of preliminary chilling, sterhiaiag, separating, butter 
and cheese making, may all be performed, with perfect cleanliness 
and the minimum of manual labour, by electricity. 

In the dairy of Messrs. Stapleton at Stoke Newington, -j- dealing 
with 2 000 ont of a total of 6 000 gallons a day, electricity is used 
for cold storage ; pasteurising ; bottle-washing, filling, sealing, and 
labelling; cream pi-eparation; water and milk pumping; and milk 
conveying. The hill for current amounts to about £500 per anr^nTp 
for 101 200 units (1926), at l-25d. per unit (kWh), or OS % of the 
selling price of the milk, etc. The maintenance costs are” about 
£25 per annum, including inspection, lubrication, and insurance. 
Twenty-six motors are employed, ranging from ^ to 12 H.P., and 
totalling 132 H.P., and the offices are equipped with radiators, fans, 
and ccx)ling appliances. 

Milking nmchiTies have now arrived at the stage of develop- 
ment where they can complete the operation with smoothness and 
speed as well as cleanliness. The consumption of energy (see 
§ 858) varies with different machines from 1 kWh per Tm'lkiW 
time upwards, for 20 to 50 cows. 

PcesteuTising. With the prohibition of boric and other pre- 
servatives, pasteurising has become additionally important. A 
plant for treating 2 000 litres (528 gallons) per hr. requires 
ICW kW input. The ordinary bacteriological tests applied to 
milk take about three_ weeks; and Mr. Matthews states t that 
an alternative method is to employ an incubator (§ 856) which 
can be maintained at 60° F. by means of a water jacket for the 
mam_ cooling and an electric heater for the final control. A sample 
of milk wHch remains fresh for 24 h.rs. at this temperature will 
be well within the limits of the permissible bacteriological content, 
mz. 30 000 per cu. cm. 

856. Poultry Farming’ and Bee Keeping : Mosquitoes. — 

On the poultry farm electricity can play its part with profit in 

* La Reme IndmiHelU, Sept., 192^. 

t Ibid,^ Tol. 95, p. 886. g{ 


f J7Z. Ii6v., Yol. 99, p. 131. 
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various from the encouragement to lay more freely, via the 
incubator, to the treatment of the newly hatched chicks. 

Light Treatment.— It is definitely established that hens will 
lay under the influence of artificial light in the oft' sea.son to an 
extent that more than pays for the additional cost. Mr. Matthews 
recommends 0 8 to 1 ft. -candle illumination on the feeding floor 
for a period, varying with the season, before sunrise and after 
sunset ; * and on his farm the light is brought up and extinguished 
gradually, so as to simulate sunrise and sunset, which appears to 
deceive the birds and cause them to prolong their feeding. This 
is nowadays arranged for by a suitable time-switch (§ 212, 374, 
Vol. 1). The short English winter day does not give enough time 
for the absorption of sufficient food. 

The maximum demand is stated f to be about 1 kW per 1 000 
birds. ^ In one instance! two batches of 450 fowls were compared, 
one with artificial lighting and the other as a ‘ control ’ without it. 
The result was a yield of 206 agamst 176 eggs during the winter 
days, and a net extra income of £33 at market rates. 

Chick-Bearing.— Yoxnxg birds are found to thrive better. 
especiaUy in the winter, if exposed daily for ten minutes or so to 
ultra-violet rays from a mercury arc (§ 588) or an ordinary 
carbon arc lamp (§ 591) ; and the installation of these ‘ artificial 
sunlight ’ methods in the London Zoological Gardens has proved 
that they are beneficial to many creatures besides human beings — 
though, strangely enough, not to small tropical birds. It is also 
thought that ozone and the effects of a discharge from overhead 
lines (as in electroculture, § 857) are beneficial 

Incubation. Between the egg and the chick comes the 
incubator, as the most important item from the electrical point of 
view. In an article on ‘ Some Radical Developments in Incu- 
bation ’ § in his series on Electro-farming, Mr. Matthews refers to 
his own work and to the results obtained by Mr. Llewellyn 
Atkinson, as described by the latter before the Society of Arts.|| 


He points out that th© domestic fo'wl originated in the tropics, 'where the 
variation in the hours of daylight is far less than here ; but it may be urged, por 
contra, that birds in the wild state only lay in the one breeding season, 
t Bov., Yol. 91, p. 819. 

t World Power, Oct., 1926, p. 185. § m. Rev., ToL 95, p. 884. 

I! ‘ The Scientific Principles of Artificial Incubation,’ by LI. B. Atiinson, Past 
President, I.E.B. {Jour. R.S.A., Nov., 1924). 
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Briefly, by means of thermostats it is possible to regulate the 
temperature in an incubator to a nicety, whatever method of 
heating is employed; and by means of an electric fan it is 
possible to keep the conditions uniform in a large incubator; but 
correction of the humidity, and of the quantity of CO, present 
are also important. Mr. Atkinson has developed simple* chemical 
indicators for both these factors, as described in the paper referred 
to. Furthermore, while it has long been known that the eggs 
should be turned from time to time, Mr. Atkinson discovered that 
there should be a considerable difference between the temperatures 
of the tops and bottoms of the eggs, as in Nature’s way, and this 
has been effected by covering the eggs with a rubber sheet. Mr. 

Matthews sees possibilities — amounting perhaps to a prospect of 

25 million units per annum being used in this branch of farming. 
Percentage hatchings have been greatly increased by these im- 
provements — from 55 to 95 %• Matthews points out that his 
own incubator (which, unlike Mr. Atkinson’s, uses a fan) assists in 
keeping the temperature, humidity and CO^ uniform, but fails to 
give the differential temperature between the top and bottom of 
the egg ; on the other hand, it enables tiers of egg-trays to be 
used, and in practice the eggs are put in fresh in the top layers 
and inoved downwards towards the bottom as incubation proceeds, 
hatching out on the lowest tray. 

An electrically heated incubator of the ordinary type takes 
11 units (kWh) to hatch out 60 eggs ; * a 250-egg machine takes 
16 units (kWh). With Mr. Atkinson’s closed type, without a fan, 
the consumption would be less— perhaps by one-third. The huge 
electrically heated incubators used in the U.S.A., and producing 
120 000 chicks a week, consume from 50 000 to 80 000 units 
(kWh) a week with a maximum demand of 4,00 kW and an 
excellent load factor.f 

Ree Keeping . — It may be added that by keeping all the 
beehives together in a shed, and by lighting and warming it, Mr. 
Matthews has obtained a considerably increased yield of honey, due 
to a .strong hive of bees being ready for the apple blossom season, 
m spite of the earlier inclement weather that occurs in four years 
out of five in this climate. 

MosqvMoes. An unusual use of electricity has recently been 
•Mr. Matthews, loc. cit. f yoj_ p_ gig_ 
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described * * * § for the destruction of mosquitoes. A lamp emitting 
ultra-violet rays is used to attract them and a fan-driven vacuum 
apparatus to impound them. It has long been known that certain 
colours attract mosquitoes in preference to others, but full use has 
not been made of that fact. 

857 . Electro- Culture. — The fact that the Ministry of Agri- 
culture appointed an Electroeulture Committee in 1922, under the 
Chairmanship of Sir John Snell (Chairman of the Electricity 
Commission), shows that this branch of agriculture has great 
promise: and the research work carried out at the Rothamsted 
Experimental Station, at the Harper Adams College, at Lincluden, 
at East Grinstead, and by private workers has borne out the 
promise in many respects and on most counts. 

Seed Treatment . — Hitherto the hopes at one time entertained, 
as to the improvement of seeds by electrical treatment, appear to 
have been dashed by the systematic experimental work carried out 
at Rothamsted and by Messrs. Sutton at Reading. ■[• The Wolfryn 
process consists in immersing the seeds in a solution of salt and 
water, or calcium chloride and water, through which a current is 
passed, with subsequent drying at 100° F. An application of 
electro-magnetic separation, of proved value as regards clover seed, 
is refeiTcd to in § 997 and may be capable of extension. 

Hail Prevention . — In § 996 experimental work in the matter 
of smoke reduction and mist dispersal is briefly referred to; and 
analogous methods of electrical precipitation may serve to ward 

hailstorms in the future. J In these matters Sir Oliver Lodge 
has done pioneer work which will bear fruit in due course. 

Heat Treatment . — In place of the ordinary under-bed of 
manure in a frame, high resistance wires have been run zig-zag 
under the soil, and 500 W or so (according to the size of the frame) 
passed through. Amongst the unrehearsed efiects, this hatches out 
the slugs ; but it is also effective. The same method is applicable 
to greenhouses. § 

Light Treatment . — More certain, however, are the results 
achieved directly on the land and on crops, whether in glass houses 


*ElBev.,Yo\. 112, p. 361. 

f Bulletin 11, ‘ The Electrification, of Seeds by the Wolfryu Process ’ ; Sutton 
& Sons. 

t Vide account of the Maroillae Hail Net in the EL B&v.j Vol. 81, p. 94. 

§ Electric Heat in the Garden, R. B. Matthews, EL Bev.^ VoL 103, p. 229. 
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or in fields. The action of artificial light from ordinary metal 
filament lamps is very beneficial (cf. § 856 ) and the effect of 
' artificial sunlight ' from mercury vapour or arc lamps is equally 
pronounced on the human or other animal bodies ^ and on plant life. 
Just as ordinary sunlight brings on blossoms and ripens fruit, so, 
in an even more marked degree, is it with the concentrated rays of 
artificial sunlight. As the demand for things that are out of season 
continually increases, so science provides for it by these means and 
by cold storage. Mr. Matthews has used 1 000 W Mazda lamps, 
with 2 ft. reflectors, for pot-cultm^e under glass : — f 

* Da.ffodils and Lent Lilies, when placed under the light for six hours a night, 
flowered in four days, growing about f in. a day. Narcissi flowered in seven days. . . . 
The “ control” plants, placed away from the light, took four weeks to flower.’ 

Even a single night’s treatment was found to have a startling effect. 
Seedlings, exposed to intensive illumination for one night, after 
transplantation, did not wilt as they always do otherwise. Possibly 
similar treatment before transplantation would be effective, and, if 
so, it would put the matter beyond the present stage of pot-culture. 
Mr. Matthews points out that by using the light between midnight 
and 6 a.m. it would be a useful load at the slackest time, for which 
special rates might be obtained. He further records J that beans 
were grown under 500 W gas-filled lamps, placed 3 ft. above the 
ground, and giving an intensity of illumination of 700 lumens 
(§ 580, Vol. 2) per sq. ft. of ground. The power consumption over 
the bed in fort^^-four days, during which the lamps were kept 
burning day and night, was 55 W per sq. ft. The rate of growth 
and development was nearly double that of a control plot under day- 
light only. 

High-tension Treatment . — In addition, the influence of a high- 
tension brush discharge over any area, covered with a suitable 
net-work of overhead distributing wires, is generally very marked 
as compared with neighbouring control plots not so treated. The 
discharge may be obtained by spark coil methods or, on a larger 
scale, by transformer and rectifier, the overhead network being 
charged at 80 000 to 100 000 V. The Ministry of Agriculture 
Committee on Electroculture, referred to above, had much experi- 


■* It may be as weU here to repeat the warning so often given, as to the danger 
of nltra-violet rays to eyesight. Goggles are invariably needed. 

■f Ml. M&v.f Vol. 97, p. 685. iJzZ/oc. cit. 
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mental work done in the way o£ pot-cnltiire on these lines, as well 
as some field work, mainly to determine at what stage of growth 
the treatment is most ad’^’^antageous.^ Mar-ked increases in grain 
yield were obtained, up to 118 7o> though the increase of total 
yield was small — showing an acceleration of reproductive growth 
apart from, and apparently at the expense of, mere vegetable 
growth. The second month of the growing season was the one in 
which treatment had the best results. From the Fifth Interim 
Report of the Committee, of which a full abstract appeared in the 
technical press, the following is taken : — 

A field installation was erected on Fosters Meld at Eotliarasted in 1922 on an 
economic scale (i^e, with, poles spaced widely, arid with high wires, so that no 
undue interference was caused to farming operations), the object being to determine 
the kind of installation suitable for the purpose, the current required, and the cost. 
The area under the influence of this installation (assuming the discharge to be 
effective for 15 ft. beyond the wires on all four sides) is about 5 acres. The installa- 
tion consists of nine creosoted poles each 24 ft. in length of which 6 ft. is sunk in 
the ground ; four of the poles are in the field and five in the hedges. The support- 
ing wires at the ends of the area and in the middle of the area are of rustless mild 
steel (Ko. 12), each 125-150 yds. long. There are twelve thinner wires (No. 26) of 
silicium bronze, each 200 yds. long. The porcelain rod insulators are 18 ins. long. 
The cost of the installation and its erection (materials, carriage, labour, travelling 
expenses), and supervision was £52, or' about £10 per acre. The Agricultural Electric 
Discharge Company has supplied the Oonamittee with estimates of the cost of 
erection of an economic installation in areas of various sizes. The cost of the poles, 
insulators, and wires for 100 acres is £215, i.A slightly over £2 per acre, so that it 
is obvious that the price for small installations is no criterion of the cost in actual 
practice. The fa.cb that fields are not of the size of 100 acres hardly affects the 
question since several filelds can be included in one installation. The measurements 
were taken at Rothamsted (1) on the wheat plot ; (2) on the stubble after the wheat 
crop was removed, and (3) on the field under the economic installation. Before these 
experiments doubt might well he entertained whether even a rough estimate of the 
current passing to the crop could be derived from the measurements of the current 
passed into the overhead wires. It now seems fairly certain, however, that with 
overhead wires whose distance apart is not much in excess of their height, fully half 
the current supplied to the wires may be expected to reach the crop. It is also 
clear that a very considerable area surrounding the electro- culture area, especially 
on its leeward side, receives a discharge much in excess of that which passes 
normally between air and earth. 

The results obtamed in 1922 indicated the importance of concentrating 
attention on pot- culture experiments, small plot experiments and laboratory work. 
The experiments of 1922 on the effect of the discharge during different growing 
periods amd different daily periods are being repeated in 1923 ; the effect of very 
weak currents and the effect of screening the plants from the normal atmospheric 
current are again being studied. 

It is clear, says the Oormmttee, that the electro-culture problem is an intricate 


Bl, Times, Aug. 2, 1923, p. 120. 
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one with ‘both physiologica.1 and agricultural aspects, and one whioli is far from 
being fully elucidated. The Committee’s investigations, however, may be fraught 
with the most important consequences to agriculture, as the results hitherto attained 
clearly indicate. 

Further information concerning investigations in this field is 
to be found from time to time in the oflScial Journal of the Ministry 
of Agrieulture. 

For ohtainmg the necessary high-tension discharge, several 
methods are available. * 

Static machines give the best restilts within their capacity, 
hut this is too small for commercial areas. They are defective in 
often failing to excite and in reversing their polarity, and must be 
kept absolutely free from damp air. 

Ordinary high-frequency ajoparatus is not satisfactory, owing 
to diflSculties in charging the network evenly if there is appreciably 
self-induction. 

A step-ii^ transformer is the cheapest and most convenient 
source of high potential; but the A.C. requires rectification 
(§§ 415 et seq,, Yol. 2). Thekenotron (§ 419) or other valve device 
is, however, considered preferable to a rotary rectifier. 

For small plots of land, not large enough to warrant such an 
installation, an induction coil and interrupter is recommended, 
with slow ‘make’ and extremely rapid ‘break,’ so that while the 
peak voltage may be 90 000 V at break it is only a few thousand 
volts at make. 

858* Power and Ener^ Data. — In so comparatively new 
an application of electricity as is here considered, it follows that 
data as to the consumption of power and energy vary greatly in 
different localities and under different conditions. Table 181 is 
calculated from a chart based on the statistics of the United 
States Department of Agriculture, t showing the derivation and 
distribution of total energy consumption (15 788 million H.P.-hrs. 
per annum) between various power sources and applications. The 
relative distribution doubtless varies widely in different localities, 
hut the^ figure afford a useful guide for general estimates : — 


* El, Bm,, Yol. 81, p. 22. 


•Ubid., Vol. 96, p. 997. 
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Table IBl— Percentage of Total Agricultural Energy Con- 
sumption from Various Sources and in Various 

Applications. 


Approximate 
Percentage 
of Total 
H.P. Hrs. 
Consumed. 


Approximate 
Percentage 
H.P. Hrs. 
from Various 
Sources. 


Haulage work 

Ploughing and listing 

15-8 


on the land 

' Pitting ground . 
Planting and seeding 
Gultiva&ig 

Harvesting 

Haying . 

6-3 

2-5 

6*3 

5-1 

5-7 



Miscellaneous . 

6*4 

48*1 

Haulage 

Farm haulage . 

7*6 


j Road haulage . 

14*9 

22*5 

Stationary . 

Thrashing 
' Pumping . 

7*6 

10*2 



Miscellaneous . 

11*6 

29-4 


I Animals . . 61*3 

; Stationary engines 12*3 

I Petrol tractors . 9*7 

i ^ Steam tractors . 6*4 

Electricity . . 5*4 

Trucks . . 3*6 

Windmills . . 1-3 


Total 100-0 100-0 


100*0 


From the Report of the Electricity m Agriculture Committee 
to the Council of the lE.E.* the following figures of consumption 
(Tables 182 and 183) are taken : — 


Table 182. — Consumption of Energy (in Buildings) on a 
Farm, of 150 Acres. 



Units (kWh per 
Annum). 

Units (kWh per Acre 
per Annuni.) 

lighting house .... 

100 i 

0-67 

„ buildings 

150 

1-0 

Motive power, barn and dairy 

1 500 

10-0 

Heating and cooMng 

1 500 

10-0 

Total 

3 250 

21*7 


* Jowr. Vol. 63, p. 839. 


VOL. III. 
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Table 183. — Average Data of Thirty-three Farms (230 

Average). 


Number of motors per farm , . .1*4: 

Average H.P 10*0 

Electric lamps per farm house . . ,18 

,, j» in buildings . . .18 



Units per Annum, 

Units per Animm 
per Acre. 

Consumption, annual, lighting 

370 

1*6 

„ heating 

470 

2*05 

„ „ power. 

1370 

5*96 

Average Total 

2 210 

1 

9*6 


On the Continent, the Report states, long-established electrically 
run farms use an average up to 22 kWh per acre per annum. From 
America * the figures in Table 184 originate, through an analysis 
by the Home Economics Division of the Iowa State College: — 


Table 184. — Average Energy Consumption on Iowa Farm. 


Device. 

kWh per Month. 

Per Family. Per Person. 

Electric range 

. 102 

25 

Eefngerator 

. 28-45 

11-15 

Ironing machine .... 

. 2*8 

0*46 

Iron (nsed with it) . 

. 3 

0*5 

Electric cooier .... 

. 5-5 

0*9 

Waffle iron 

. 2 

0*5 

Washing machine .... 

. 2 

0*5 

Percolator 

, 6 

1*5 

Toaster - 

. 1-2 

0*3 

Glow heater 

. 5 

0*7 

Water pumping (shallow) 

. . 795 gals, per kWh 


„ ,, (deep) . 

* • 576 ,, ,, 


Incubators . . . . 

. 370 Wh per chicken (79 °/o 


hatched) 


Water heater (SaVO® inlet, 128° outlet) 

4*5 gals, per kWh 


According to C. D. Kinsman of the U.S. Department of Agri- 
culture, *{■ the average energy consumption per acre for crop produc- 

* M. Bev., Vol. 99, p. 907. 

t See also EL Bev., Vol. 96, p 

997. 
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tion {i.e. per season and including all forms of power) in the 
United States is as in Table 185 : — 

Ta-BLE 185 . — Energy Gonsurwj^tion jper Acre for Or op 
Production. 



kWh per Acre. 

CJom, grain 

U 

to 26 

„ silage 

24 

CO 

Smail grain 

10^ 

„ 18 ^ 

Hay . 

3 

„ 9 

Potatoes . 

20 

„ 43 

’Tobacco . 

20 

» 37^ 

Cotton 

15 

„ 22^ 

Bice . 

m 

„ 30 

Sugar beet 

30 

„ 52 

Emit 

33i 

M 52 


From various sources, but mainly from a paper by 0, D. 
Kinsman * of the U.S. Department of Agriculture, the figures in 
Table 186 are compiled: — 


Table 186 . — Energy Oonsumption for various Farm 
Operations. 


Units (kWh). 


Hauling over ploughed ground, per ton-mile . 

0*67 

to 

1*08 

Thrashing, per ICK) bushels (small laaohines, 5-7^ H.P. ; 




large, 20-30 H.P.) 

7-5 


30 

Elevating grain, per 100 bushels 

0*15 

]» 

0*37 

Pumping water, per 1000 gal. -ft 

0*009 

>> 

0*018 

Ploughing clay loam, per acre (Mr. Matthews gives up to 




23 units (kWh) for deep ploughing) .... 

6*7 

»s 

9-7 

Bolling land, per acre 

0*3 

>» 

1-5 

Xhilling grain. 

0-3 

>1 

1-34 

Mowing, 

0’66 

» j 

1U2 

Baking, 

0*22 

»» 

0*6 

Corn planting 

0-76 

»> 

1-86 

„ cultivation , 

0*75 

»f 

1*86 

Potato dig^g 

3*7 

»» 

5*6 

Chaff cutting, per ton cut per hour 

31 

>> 



(N.B. — OoD-verfeed to British measures.) 


From Denmark f it is stated that the smaller portable thrash- 
ing machines require from 5 to 7^ H.P., while large fixed machines 
take from 20 to BO H.P., but the quantities dealt with are not 
stated. Chaff cutters need a 2 H.P. motor. Com milling machines. 


+V. Faftljorg Andoisen, loc. cit, ante. 

615 


Ml. Rev., Vol. 96, p. 99Y. 
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for grinding corn for fodder, afford a useful load for filling up 
hollows in the load curve, as the work can be done at any time 
when the portable motor is free. The energy consumption in 
Denmark, according to the above authority, is as in Table 187. 

Table 187. — Energy Consumption on Farms in Denmark 

Farms without milling machines . . 4*4 units (kWh) per acre. 

Farms with milling machines . . . 14*4 ,, ,, „ 

Average, whole disinrict .... 6*8 ,, ,, ,, 

Maximum 21*2 ,, ,, ,, 

The following additional data will serve for comparison : — 

A farm circular saw uses from 0*03 to 0‘04* units (kWh) per 
cu. ft. of wood sawn. 

Chopping brushwood requires from 3 to 5 H.P. and consumes 
from 1 to li units (kWh) per load. 

Hay baling requires from 2 to 3 H.P. and consumes about 
1 unit (kWh) per load. 

For oat crushing, the energy used is about 250 Wh per cwt. 

Milking machines, for 20 cows in 1 to 1-J hrs., require 1 H.P. 
and consume 1 unit (kWh) per milk or 2 units (kWh) per 
day. 

Mr. Matthews ^ gives the following data : — 

Grass drying in stacks requires a 5 H.P. fan for 30 minutes 
a day, for 10 days. 

Consumption in farm buildings alone (excluding lighting) varies 
from about 10 units (kWh) per acre of farm up to 100 
units in specially fertile farms. 

Consumption in farm house : lighting, 200 units (kWh) ; heat 
and power, 800 units (kWh) per annum. 

Ploughing, 33 units (kWh) per acre of arable land.f 

Cultivation, silage and harvesting, from 25 to 45 units (kWh) 
per acre. 

Average of 34 districts on the Continent, 52^ units (kWh) per 
acre. 

859 * W’a 3 rs and Means. — ^It has been indicated in the introduc- 
tory paragraph to this chapter that finance is the chief stumbling 


* World Fawer, Oct., 1926, p. 185. 

t Mr. R. E. Neale (jETZ. JEtev., Yol. 87, p. 507) gives from 72 kWh per acre in 
schI down to 30 kWh after rain. 
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block to progress in rural electrification ; tbe successful farmer 

for he must exist, though one seldom hears of him— is content to 
carry on by the methods of his yeomen ancestors, and the unsuc- 
cessful farmer cannot afford to do otherwise than carry on and 
await the millennium. The State, however, through its representa- 
tives, has been sufficiently impressed by the new vista opened up to 
have decided on the provision of power lines over the whole of 
Great Britain, eventually, which carries us forward through one 
very important stage. 

Having gone so far, it is essential that a demand shall he created 
for this readily available power. If the individual farmer cannot 
or will not incui' the necessaiy expenditure, even though the annual 
charges due to it can be proved to give him a substantial return 
and a saving, the only alternatives appear to be co-operation between 
neighbours and State or local authority assistance. So huge is the 
expenditure to which the State is already committed over the ‘ grid ' 
that it seems questionable whether any Chancellor of the Exchequer 
will go further ; for there is a limit even to directly remunerative 
expenditure under the economic and associated difficulties of recent 
times j and rural electrification is admittedly somewhat specula- 
tive, as the weather is an incalculable element. The expenditure 
of local authorities is already often carried near to the danger 
point ; but if any form of public assistance in finding capital is re- 
quired, it would seem to be a matter for the County Councils ^no 

doubt after the passing of enabling legislation. This assistance 
might take the form of comparatively short-term loans — maturing 
in five or ten years — for the provision of the overhead lines from 
each point of supply over the estate : in this way much overlapping 
could be avoided, provided the tariff difficulty could be overcome, 
as a boundary could be used on both the adjoining sides. The 
same principle might be extended to the purchase of such costly 
equipment as could be u^ed successively by a number of farmers — 
especially ploughing outfits. 

Co-operation between neighbours is certainly preferable to any 
form of public assistance, and has been practised abroad for many 
years, especially in marketing ; thus in Denmark * tbe Agricultural 
Co-operative Societies began work with dairy and slaughter-house 


■* Y. Paaborg Andersen, Secretary of the Danisti Royal Electricity Oommissioii ; 
M. Eev., Vol. 101, p. 292. 
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produce, and then went on to electric supply — first at low pressure 
and then on modern high-pressure lines. But in this country (pace 
the Farmers'' Union) co-operation does not seem to flourish. Carried 
on by means of limited liability companies, created ad. hoc, co-opera- 
tion in the provision of machinery for joint use would appear to 
have great possibilities : and it would naturally extend to the dis- 
tribution and marketing of products. Under the ‘Improvement 
of Land Acts, 1864 and 1899,’ ^ owners of land may, with the sanc- 
tion of the Ministry, borrow money for agricultural and other im- 
provements, and may charge the cost of the works upon the lands 
so improved. Among the classes of improvement comes the 
following : — 

28. Engine houses, engines, gasometers, dynamos, accumulators, pipes, wiring, 
switchboards, plant, and other works required for the installation of electric, gas, 
or other artificial light in connection with any principal mansion house, or other 
house or buildings; but not electric lamps, gas fittings, or decorative fittings re- 
quired in any such house or buildings. 

29. The reconstruction, enlargement, or improvement of any of the works 
referred to above. 

While the Ministry itself has no funds for these purposes, the 
‘Lands Improvement Company’s Act, 1920/ authorises that com- 
pany to make the necessary advances in respect of sanctioned im- 
provements. Thus a tenant farmer can borrow money in this way 
and repay it (over a period up to forty years) in increased rent. 
An owner of land can also obtain a loan at reasonable rates under 
the ‘ Agricultural Credits Act, 1923.’ -f* 

The old agricultural saying may here be parodied : you can 
take a farmer to the loan office, but you can’t make him borrow. 
It is necessary first to popularise the use of electricity, and to in- 
duee a prominent man here and there to show the way, before 
others will follow. J 

Although the commercial advantages of electro-farming lie in 
power applications and in lighting farm buildings, experience sug- 
gests that the most promising line of development will be lighting 
in the home, with merely ‘service lights ’ in other buildings at first, 

* Bm Ijeaflct Ho. 59 of the Ministiy of Agriculture and Fislaeries (March, 1926). 

July, 1926, p. 60. 

JThe writer hesitates to draw a parallel with the Indian ‘ryot,’ who often 
utterly deolines to use specially developed Pusa seed corn, or a Govermnent bull, or 
to allow a well-bred cock among his miserable hens — which sell for sixpence and 
are not worth it. Bnfc the parallel seems to be there, nevertheless, 
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coupled with such small domestic power appliances as clothes 
washers, flat irons, vacuum cleaners, etc. ; advancing thence by 
degrees to small and then large farm motors and the other appli- 
cations discussed above. Some of these latter make a decided 
appeal to the pocket, especially in dairy and poultry work. 

It has been made clear above that in the end the consumer — 
the farmer here — must, either directly or indirectly, and either by 
cash or deferred payments, meet the cost of electro-farming ; either 
in the form of interest and amortisation of loans (§ 1014) or in- 
creased cost of energy where the undertaker either supplies the 
capital or collects the capital charges in this form. Assuming, as 
has been done, that the supply is from the National grid, and not 
from an isolated station, it is fairly certain that the supplier will 
not advance the capital directly ; though a supply company formed 
specifically for an agricultural community might do so in order to 
encourage the farmers to spend more on motors and power-con- 
suming apparatus, and thus improve the load factor and output of 
the station. 

It is hard to avoid the conclusion that the cost of energy in 
rural districts (in the absence of a subsidy) must be higher than in 
towns, owing to the incidence of the capital charges due to rela- 
tively long lines, to the losses in these and in the various transfor- 
mations (two at least, between 132 kY and the farm lines), and to 
the relatively poor load factor during the educational stage. 

A point to be remembered is that if certain consumers combine 
to pay the whole or a part of the cost of bringing power to their 
neighbourhood, in a lump sum, then others who subsequently elect 
to use the power should refund a share of that cost jpro rata in one 
way or another — as is now often done when an overhead service 
line, put up for one consumer, is pressed in to serve others.* 

8^. Tariffs for Ag'ricultural Supply. — The assumption is 
made, in the preceding paragraph, that the capital necessary for 
farm electrification would generally have to be foiuid by some 
other means than those of the farmer; who would then either 
have to repay the loan with interest in the ordinary way (§ 1014) 
or by an increase in the cost of his energy — ^with a guarantee that 
he would either consume enough energy or pay the balance due in 


* For some obscure reason there is great opposition fco this eminently reason- 
able proposition on the part of some suppliers — at least, in India. 
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the former way. In the last alternative, the tariff for energy would 
have to include something of the nature of a hire-purchase addition- 
not necessarily (or perhaps ever) paid into the cofiers of the under’ 
takers supplying the energy, hut hypothecated to the body lendin® 
the capital. In this connection Chapter 11 (Maximum Demand 
Load Factor and Diversity Factor) and Chapter 12 ('ElectrinJt^ 
Costs and Tariflfs) should be read. ^ 

While it is useless to dogmatise as to what form of tariff should 
be adopted, it is quite clear that there cannot ordinarily he anything 
of the nature of separate different rates for ‘light’ and ‘poweC^ 
though in point of fact this distinction has been used in Denmark,* 
where there is a unit charge combined with a fixed rate either mr 
lamp, or per H.P. installed, or according’ to the rateable value (S 273) 
or the acreage. Two-rate meters maybe found useful, hut two 
separate meters are intolerable. Despite the description given in 
an Act of Parliament f of a method of ‘ determining the fixed kilo- 
watt charges component and the running charges component,’ the 
reason for tariflfe based on maximum demand is (like the therm) 
still a closed book to the layman. Nevertheless, until further ex- 
perience enables the average conditions in any area to be forecasted 
with sufficient accuracy, an agricultural tariff for energy ought to 
take mto account in some way both maximum demand and load 

factor. Mr. Matthews, J speaking of the various ‘seasonal ’ motors, 
etc., installed, says : — 


to W tu ^ year, it is unfair 

ba^o ^ conneoted load. It sbould rather consist of a fixed charge 

iSfeol « “tyated. or average, maximum demand and a low rate per uuL 
This encourages the farmer to use one motor at a time instead of all at once.’ 


ThW’ he pomts out, can be automatically effected by his system of 
restrictive .switch control, whereby the load cannot exceed a definite 
amount. Alternatively, and perhaps preferably, a contract demand 
meter can be used, which only records units used above the maxi- 
demand, which are then charged at a higher rate per unit. 
These metem should be so arranged as to light a lamp when the 
maximum demand is exceeded. There are also now several 
change-circmt ’ or ‘load-leveller’ systems available on the market. 

Assuming a meter to be installed to measure the H.T. supply 


* y. Faaborg Andersen, loe. eit. supra, 

+ Tto Eiaotedty (Supply) Act, 1926, seventh schedule. 
XEl. Rev., VoL 99, p. 183. 
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to each farm, the losses in this are rather a formidable factor in the 
problem. On a 5 000 V circuit these losses will hardly be less 
than 100 W continuously, whatever the size of the installation. 
Owing to this and the losses in transmission and several transforma- 
tions, coupled with low-reading errors of the meter on light loads, 
onl}" one-half, or perhaps one-third, of the units (kWh) generated 
may he actually utilised in scattered districts. The meter losses 
are not registered by the meter, but fall on the supplier by law. 

The basic problem of cheap rural supply is that of encouraging 
consumption while at the same time obtaining a good load factor. 
In this work the demand is very irregular, both during each day 
and from season to season, which complicates the tariff problem. 
While it might be possible to frame an elaborate tariff, taking all 
the factors into consideration, this would beyond doubt arrest 
development ; simplicity is essential. Tariffs based on an annual 
charge per kW of maximum demand, or per H.P. installed, plus 
a small unit charge, are very commonly employed in other in- 
dustries, and prove on the whole very satisfactory; but, though 
the eventual cost in terms of pence per unit obviously decreases 
with every additional piece of apparatus installed, the fact remains 
that the minimum fixed charge is often a bone of contention and 
the unit charge a deterrent of consumption. From the point of 
view of popularising the use of electricity in every department of 
the farm — and perhaps from l3he supplier’s angle also— it is doubt- 
ful whether any better scheme can be evolved than a plain contract 
price per annum, per H.P. of maximum demand, with unlimited 
use.* This system has the advantage that the farmer realises 
that he is paying for electrical service in the broadest sense, and 
can get free and indefinite overtime out of it. Basing the cost on 
the maximum demand would in time ensure that no unnecessary 
overlapping of loads would take place ; and things that could be 
done at any time (like water heating and corn grinding) could be 
used to fill up the hollows and raise the load factor. 

The farmer who is using his own motors and lamps is not 
likely to use them to excess, even though it costs nothing in 


*11 ploughing and other cultivation is the main application, it might be better 
to settle upon a price per acre per annum ; for a dairy farm, so much per stall or 
per head of stock per annum, and so on — but always without restriction in use for 
all subsidiary applications. But systems reo[uiring local inspection are not to he 
recommended. 
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energy, because of wear and tear. ' On the other hand, he will use 
the energy freely, and thus get good service and a good return for 
his money. With a unit charge he worries about ruiming up his 
bill, cuts his benefits, and in the end pays nearly as much as the 
contract charge for far less service. 

If a comparison be made between a contract charge and a fixed 
charge plus low price per unit, it will be seen that the former 
safeguards the supplier, while favouring the customer, and en- 
couraging free consumption and the use of portable motors for 
miscellaneous jobs. Thus take, on the one hand, a contract price 
of £10 per H.P, year = £13-40 per kW year of maximum demand 
and compare it with a fixed charge of £5 per kW of ]\I.D. plus Id. 
per unit, as in Table 188. 


Table 188. — Comparison of Tariffs for Agriewltnre. 


Average Use 
for 350 Days of 


Contract Rate. 

Fixed Rate plus Unit. 

Units. 

£13-40 per kW 
Year. 

Units, 

|d. -1- £5. 
Total 

Pence 
per Unit 

2 hours 

s :: 

16 

700 

1400 

2 800 

5 600 

4-6d. per unit 

2-3d. 

l*15d. 

0-58d. 

£ s. d. 

2 3 9 

4 7 6 

8 15 0 

17 10 0 

£ s, d. 

7 3 9 

9 7 6 

13 15 0 

22 10 0 

2-46 

1-6 

1-18 

0-96 


A difficulty which occurs in this connection — and which would 
Mcur with any other tariff scheme — ^is that of the heavy seasonal 
demands for ploughing and (in a lesser degree) thrashing. With 
rop^haulage ploughing — ^whatever may be the case with tractors 
—there would not be ploughing on one estate for many days in 
the year, and the load of at least 20 H.P. and often from 50 to 
1 W H.P. woifid yet govern the contract price for the whole year. 
The only obvious solution of this diflBculty is an extension of the 
co-operative buying of such plant as suggested above (§ 859), i.e. 
a group of farmers, having purchased an outfit for their joint use, 
would ^1 their contract demands at least during such time as 
the outfit_ IS m use. Such an arrangement demands a measure of 
co-o^ration not evident in the past, but one which may justify 
by Its commercial advantage the strain which it imposes on 
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human nature. Without co-operation, electro-farming is 'w^ell-nigh 
impossible. 

So ingrained, however, is the policy of charging something for 
each unit, that it may hold the field. In that case it may, as a 
matter of policy, he advisable to include a consumption up to a 
certain point (according to the size of the installation) in the fixed 
monthly or quarterly charge, and then to charge a low rate for 
all units in excess. For example, with an installation having a 
maximum demand of 3 kW, the charge might be 3s. per kW of 
M.D. altogether for the first 24 kWh (i.e. 8 units per kW of M.D.) 
and then l|d. per unit thereafter. The net result of this would be 
the same as a charge of 2s. per kW of M.D. plus 2d. per unit for 
all units. 

861 . Bibliography.— (>Sfee explanatory note, § 58.) 
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Blectro-I’arming, or the Application of Electricity to Agriculture, 
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Agricultural Applications of Electricity (Progress Report), Vol. 65, p. 356, 
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Rural Electric Lines, Bl. Rev., Aug., 1927, etc. 

Electricity Commissioners. Report of Proceedings of Conference on 
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Features of a Successful Plan for Rural Electrification, G-. G. Post, Jour. 
Am. LE.E., May, 1926, p. 415. 

Monthly Jouenal. 

Rural Electrification and Eleotro-Earming (Electrical Press). 

Special attention may be called to the articles continually being published by 
Mr. R. Borlase Matthews, a Chartered Electrical Engineer, who is also a practical 
farmer. His work in electro-farming at Greater Eeloourt Farm, East Grinstead, 
covers all phases of the applications of electricity to agriculture, the treatment and 
handling of the crops, and the administrative organisation. 
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Mucli useful information may also be found in the papers read before the 
American Society of Agricultural Engineers and in the Reports issued by the 
United States Department of Agriculture, and the Bulletins of the Committee or 
the Relation of Electricity to Agriculture. 

Valuable service is being rendered to electricity in agriculture and to rural 
electrification in general by the Overhead Lines Association (Secretary: G. W 
Molle, 32 Shaftesbury Ave., Piccadilly Circus, W. 1). 


Note (Addendum to footnote f, p. 488).— At the time of writing (1933), it seems 
probable that the use of carbon tetrachloride fuses (§ 375, Tol. 1), instead of circuit- 
breakers, wiU contribute greatly to the extension of electricity supply in rural 
districts by cheapening the cost of tapping the national ‘grid’. Tests on 132-ky 
fuses of this type show that a short-circuit exceeding 900 000-kVA can be cleared 
with certainty ; while 11-kV fuses are designed to clear a 100 000-kVA fault. The 
cost of the fuse equipment is only a fraction of that of a circuit-breaker for similar 
duty. 
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ELECTRIC TRACTION; SYSTEMS, ROLLING STOCK 

AND POWER. 

Basic Merits and Problems of Electric Traction. 

862 . Introductory. — TKe whole question of tramways, and 
of electric traction on tramways (known as ‘ street railways " in 
America), is approaching the point where one may cry ‘ The King 
is dead; long hve the King.’ For although, like Charles II., 
tramways are ‘ an unconscionable time a-dying,’ they are being 
steadily pushed towards that inevitable goal by the pressure of 
other and more flexible vehicles. Meanwhile the electrification 
of railways has become practical politics and, to some extent, an 
accomplished fact. So far, all old underground lines have been 
converted to electrical working and all new ones are built for it ; 
suburban lines are now following, and must continue to do so 
around all the great cities, in order to cope with the ever-increas- 
ing urban population ; many mountain raOways have been 
electrified, and all are certain to be in the near future, seeing 
that they can almost invariably utilise — and regenerate — hydro- 
electric power. Main lines will follow in due course, and many 
of those abroad have shown the way, including the 850 miles of 
the Chicago, Milwaukee and St, Paul Railway ; branch lines will 
be last, longo intervallo. 

Not only passenger traffic but goods traffic will be so carried 
in the end, with a great saving in rolling stock owing to enhanced 
speed ; and goods traffic is the key to the railway cash-box. The 
essence of the whole problem is not technical hut financial, and 
with this aspect we cannot here deal adequately.* 

Electrification will also before long become an economic 
necessity, both for relieving the present congestion at termini, 

* S6& * The Pmancial Prospects of Railway Electrification,’ by Sir Philip 
Dawson ; Electrician^ June 1, 1923, p. 594. 
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and the bofctle-neck approaches to them, and for conservin 
dwindling coal supplies (§ 863). A minor point, though worthv 
of mention, is the improvement in health resulting from electri- 
fication. This obviously follows when underground lines are 
considered, but it is also true of surface lines, especially those 
with many tunnels, and particularly as regards the running staff 
who are comfortably housed and free from dust, coal gas and 
draughts. Already the lines passing through the Alpine tunnels 
— the St. Gothard, the Simplon, the Loetschberg, etc.— have 
adopted electric working. 

The importance of the whole subject is such as to eah for 
more detailed treatment than was meted out in earlier editions 
though, even so, specialist treatises must be consulted on details 
{see Bibliography, § 934). Road vehicles, as previously, have 
a chapter to themselves in this volume, while haulage in mi’nM ig 
briefly dealt with in the chapter on ‘ Electricity in Mining.’ In 
this chapter and the following one we deal with electric tramways 
and raUways.. In general principles, what applies to the one 
applies also to the other in the matter of power calculations ; of the 
supply of energy to the system ; in the application of that energy 
on the car or locomotive ; and in the generation and transmission 
of the energy from its source to its ultimate destination. The 
differences are in degree rather than in kind. Far greater loads 
have to be carried by railways, especially by goods trains, which 
are mainly responsible for the revenue earned*; higher speeds 
are demanded by both express and passenger trains, while the 
speeds of goods trains (which have to be fitted into the time 
schedule) is more comparable with tramway speeds, and need 
accelerating; and, in consequence of these two, there is a much 
greater energy demand from the power house to the track and 
from the track to the motors in the case of railways. Furthermore, 
there is still and there will for many years be, the problem of 
prying both steam and electric trains on the same track, with 
the result that the trarmmitting medium (whether third-rail or 
o^rhead) has to cope with smoke and cinders f ; but this may be 
ofl&et m street tramways by the equally objectionable mud and 


* Up to more than 90 % in some cas^. 

fames toya been known to rust the newly-laid third raU in a tunnel, 
so iittt trains were stalled on the first day of working. 
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slush in which our climate specialises, modified to some extent by 
the disappearance of the horse-drawn vehicle. In both cases the 
slower moving irafiSc interferes with, and slows down, the ideal 
schedule of the electric service. 

863 . Saving^s Due to Electrification. — ^The electrical engineer 
is in these days prepared to convert any line to electrical working 
with perfect confidence in the technical results ; but the business 
man wants to know what the nett saving will be to his line. It 
is clear that the more traffic a line carries, up to what would be 
the saturation point of congestion with steam working, the 
greater must be the percentage saving. 

From the National point of view, the conservation of coal 
supplies is of immense importance, and has been largely re- 
sponsible for the schemes of the Electricity Commissioners ; 
when these are further advanced the problem of power supply 
for railways will be largely solved It has been calculated that 
the complete electrification of British railways would alone save 
seven million tons of coal per annum.* In view of the coal 
situation this is important enough, though of course capital 
charges for electrification — especially for cables and transmission 
— ^must be set offi per contra ; and the effect of saving coal on 
the cost of miners' unemployment must not he left out of account. 
American experience proves that where trains are heavy and 
gradients severe — in both of which respects American conditions 
are stiffer than British — electric locomotives have a considerable 
advantage both in actual capacity for doing the work and for 
doing it economically. As an example, the savings directly due 
to electrification on the Chicago, Milwaukee and St. Paul 
Railway t are worth attention. Hydro-electric power is used, 
and a comparison was made between actuals on the same line 
for both methods of working. For 1923 the gross ton-miles 
carried, freight and passenger, amounted to just under 3 000 
million (short) tons, showing a saving (based on the last year 
of steam working) of over million dollars. This takes no 
account of the possibly increased revenue due to the release of 


* From a modem power plant a coal csonsumption of about 2^ lb. will produce 
1 H.P.-hr. on the wheels of an electric loco, whereas a steam loco uses about 6 lb. 
for the same production of energy. B&e § 894. 

t JPower Plant Enginoering, March 16, 1926, p. 364. 
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rolling stock used for carrying coal* or any other indirect 
effect. 

In countries with supphes of inferior fuels, which can be burnt 
satisfactorily in power stations but not in steam locomotives, there 
is a powerful argument for electric traction (§ 919A). 

On one of the main British railway groups the average mile- 
age per steam locomotive is 26 000 miles per annum for passenger 
and 18 300 for freight engines, and the cost of engine repairs per 
engine-mile averages _ 5-8d. The analogous train mileage on 
electrified suburban lines varies from 36 000 to 47 000 miles and 
the cost of repairs varies from 2-ld. to 6d. per train mile, with an 
average of _ 4-18d. The density of traffic on these latter is about 
20 000 train-miles per track mile per annum.f 

864. Classification. — Several methods of classification may be 
adopted in considering the problems of electric traction, though 
whichever may be preferred, the treatment of the subject camot 
follow any one of them without over-lapping. 

In the first place, there is, in this country at any rate, a clear 
distinction between a tramway and a railway — with the ‘hght 
railway’ intermediate — though in America no such distinction is 
made, and the inter-urban street railway bridges the gap j in most 
cases these are dealt with* in separate paragraphs. ’Rafiways 
proper may he further sub-divided into main lines and local lines 
(§865), and the latter again into urban and suburban lines. In 
nearly all eases there are both passenger and goods services. 

Secondly, there is D.C. traction and AO. (S-phase or single- 
phase) traction, each with a considerable range of variation in such 
matters as pressure and frequency (§ 868), and each applicable to 
mcst of fiio variotiGS 6 iitiixi 0 rait 6 (i alx)vG. 

Thirdly, the nature of the vehicles may be considered, whether 
seff-contained (§ 87S) or drawing power from an outside source ; the 
latter mcludingtramcars (§870), motor coaches (§871), multiple-unit 
trau^, ^.e. trams made up of several motor coaches all operated from 
one by means of a master controUer (§ 871), and locomotives (§ 872) 
drawing power from a central station. 

Finally, there are a number of methods by which power may be 


ton-mileage oonsUfe of 

coal earned for use on the line. 

Electrification on. British Bail ways,’ hy Lt-Col. 
O Bneai, D.S.O., Joan TJB.E., Vol. 62, p. 729. v . j • 
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conveyed from the stationary conductors to the moving vehicle. Of 
meth(>ds which need merely he mentioned, there is the conduit 
system,* in which both the conductors (lead and return) are carried 
on insulators in a slotted conduit reached by a plough, and the 
surface-contact system in which studs flush with the roadway were 
used to convey current to a collecting skate on the car as it passed 
over them, but were alive at no other time. The latter system 
was killed by rain and mud. 

Only the two chief systems which have survived are dealt with 
here, viz., the overhead or trolley-wire system (§ 909 et seq.) and the 
third-rail system (§ 920 et seq.). The relative merits of these two 
may be briefly referred to here. The overhead system has the 
advantage of not in any way interfering with the maintenance of 
the track and the safety of platelayers, whereas the third rail is not 
only a potential source of danger hut also forms an obstruction to 
the proper packing of railway sleepers — it is, of course, not used 
on tramways. Also the third rail is easily wrecked by derail- 
ments, and the gaps necessary at level crossings, points, etc, may 
cause a locomotive to be stalled in case of an emergency stop.f 
On the other hand, overhead equipment is an obstruction to the 
working of breakdown cranes and involves the use of a tower 
wagon for inspection, which occupies the line ; while the third rail 
is readily accessible, but must have the current cut off from it 
before repairs can he carried out. Broken collector shoes are not 
unknown, and cause short-circuits at all points and crossings 
through the bus connecting all the shoes. Seventeen such shorts 
occurred in rapid succession at one substation. 

865- Main Line and Local Traction on Railways. — In the 
United States there are still many growing townships with sparsely 
populated country in the stretch between them, so that the useful 
cross, half A.C., half D.C., between a railway and a tramway 
known as an ‘ inter-urban street railway ’ performs a very neces- 
sary service. In this country there is hut little scope for such a 
system, and what there may have been has now disappeared with 
the triumph of the motor omnibus and coach. But apart from 

^Tlie conduit system, is still in use in various plsices, including London, 
where ife adoption was inevitable owing to the attitude of the local authorities 
concerned. 

t Without any emergency, other than a signal at danger, electric trains running 
through the bottle-neck into Waterloo (London) get stalled occasionally at such dead 
spots. 
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the considerations of weight and speed mentioned in the previoua 
paragraph, there are wide differences between what is suitable for 
long non-stop runs (passenger or freight) on main lines and what 
will serve for urban or suburban traffic with frequent stops. In 
the former, rapid acceleration and deceleration, which have a 
potent influence on the design of the motors and on the demand on 
the power-house, are of negligible importance ; in the latter they 
are the predominant factor, for braking often begins within a few 
seconds of acceleration ceasing, and the intervening seconds are mostly 
spent in ‘coasting,’ i.e. running hy momentum with the power cnt 
off A main-line express, having reached its determined speed, may 
have to carry on at full power for perhaps 50 miles or more to 
maintain that speed, so that the time spent in starting and stopping 
is of no moment. With short runs and frequent stops the full- 
running time is unimportant, the running to schedule and the. daily 
capacity of the line depending on the time lost at stopping places — 
including signals every hundred yards in bottle-necks. Accelera- 
tions up to 11 and m.p.h per sec. or more are obtained on 
suburban and ‘ tube ’ lines in practice — the average on the former 
is about 1*2 m.p.h. per sec. — .whereas with steam locomotives it is 
of the order of 0*5 m.p.h. per sec. An obvious corollary is that 
whereas the entrances and exits on main-line coaches may be of the 
stereotyped design, those on suburban and ‘ tube ’ coaches must he 
designed with the view of being emptied and filled in the minimum 
time. 

As regards main-line electrification generally, the following 
extract states succinctly where competition with steam becomes 
practicable: — 

steam, traction can handle effiLcienlily and at reasonably low costs, bothi for 
operation aind f.xed charges, a train service of heavy trains even at fairly short 
headway with stops not very close together. With few stops and an irregular and 
infreqaent train service electric traotion cannot show much superiority in operating 
characteristics; but if the stops are at short distances apart or the service demands 
great fleadbility in seating capacity to meet widely varying passenger numbers, the 
operating conditaons then demand two features which electric traction can give; 
(1) high accelerahon; (2) multiple-unit train formation. 

Whei» the operating conditions, i.e. the requirement of traffic, are such as to 
mafce these demands, electric traction is the proper means of adequately meeMng 
fche^ requirements, and it then remaitis to investigate the financial aspects of the 
change (H. W. Firth, Jour. 1.JE.E., Yol. 52, 610.) 

Experience indicates that the prospects of main-line electrifica- 
tion schemes are often more favourable than represented by the 
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above excerpt. Much useful iaformation concerning’ the practice 
and experience of America is to be found in the ' James Forrest ' 
lecture presented to the Institution of Civil Engineers by H. M. 
Hobart so long ago as December, 1915. (See examples of suburban 
lines in paragraphs 915, 916, and 921 and of a main line in 

paragraph 918.) 

A further point of importance, indicated in paragraph 862 above, 
is that of terminal congestion, especially in connection with suburban 
services at tbe rush hours. Many of the delays on our railways 
are due to the impossibility of clearing the track in stations and in 
the bottle-necks so commonly found just outside them.* The sub- 
stitution of electric trains more than doubles the capacity of a 
terminal station, both because of the high acceleration and the 
double-ended operation possible ; and the former property assists 
the rapid passage of the narrows.f 

As regards freight traffic Sir Vincent Raven some years ago J 
shojj^ed the advantage to he obtained from electrical working in 
a particular instance. For the same ton-mileage there was a reduc- 
tion of 25 % in train mileage and a decrease in the time of a through 
journey from 56 hrs. to 26 hrs. The saving in new rolling-stock 
directly traceable to this saving in time amounted to 423 forty- ton 
waggons on a line handling 13 000 tons a day, and the number of 
locomotives could be about halved. Tbe capacity of the line was 
increased by 35 by the change. It has already been remarked 
that finance is the essence of the problem of railway traction, and 
this is a good example. The capital spent on building a line is 
enormous, even leaving aside such abnormal cases as the million- 
pound-a-mile semicircle between Charing Cross and Cannon Street ; 
and what may be termed the traffic load factor — or ratio between 
the number of trains actually on the line and the number which 
could be accommodated if every block were occupied — is of the 
first importance. This ratio can be increased hj shortening the 
block sections, by the installation of modem electrical signalling 
(§ 933), by increasing the acceleration on the trains, by running 


seems ob-rious that sooner or later the approach from Yauxhall to Waterloo 
must, for all suburban traffic, be carried either by ‘trube’ below the main line or 
by elevated railway above it. 

t ‘ The financial Prospects of Rail-way Electrification,’ by Sir Philip Davrson 
(EleeMcian, June 1, 1923, p. 595). See also paragraph 921. 
t El Bsv., Vol. 83, p. 907. 
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smaller trains at less intervals and by losing less time ia terminal 
shuntings and engine reversals. Furthermore, every idle wagon is 
so much capital earning no revenue. 

The Su-ppLT and Utilisation of PowEti for Traction 

866. Systems of Supply for Traction.— Before discussing 
the merits and demerits of D.G. and AC. in connection wi^ 
traction problems the position generally may be surveyed. Either 
D.G. or single-phase or 3-phase A.C. can be used for traction 
(§ 868). Most electric tramways are worked with D.G. series- 
wound motors (§ 676) at a pressure of 500 V, with current from 
over- or under-compounded generators (§ 138) at a pressure of 
from 600 to 560 or 600 V ; if the main supply is obtained from an 
AC. plant, rotary-converters (§ 408 et seg.), motor-converters (§ 413), 
motor-generators (§ 388) or mercury vapour rectifiers (§ 422) are 
employed in substations (§ 869) to feed the line with D.G. In 
some cases single-phase AC. motors are used on the cars; in this 
ease the line and motors may be fed from transformers or direct 
from the generators at 500 V or thereabouts, or (more often) 
a high-pressure supply on the line is transformed down to low- 
pressure on the cars themselves, and low-pressure motors are used 
The line may either be fed from a single-phase generating station ; 
or from converters working ofli" a polyphase main supply ; or from 
a 3-phase system transformed to 2-phase (§ 394), the two phases 
being independently used on separate sections of the line. Finally, 
3-phase motors may be used on the cars, in which case three con- 
ductors have to be used on the line, which is fed from S-phase 
transformers or directly from the generating plant; there may 
either he three insulated trolley wires or two such with the rails 
for the third, and either high-pressure or low-pressure motors may 
be employed. Whatever motors are employed, it is essential that 
they shall have a high starting torque, so that they may be capable 
of starting under all conditions of road and gradient and of giving 
rapid acceleration. On electric railways, pressures of 1 500 to 
3 000 T D.G. are often used on the motors.* 


Sflfi Final RepoH, on the Electrification of Railways,’ by the Advisory Com- 
mittee of the Ministry of Transport. While agreeing that existing systems should 
be allowed to remain and, if necessary, -be extended, the Committee recommends 
n.O. at 1 500 y for future work ; or, alternatively, multiples or sub-multiples of that 

■IWftSSRJtTft.. ^ 
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During recent years fche popularity of D.C. supply for traction purposes has 
been greatly increased. London ‘ tube ’ and suburban railways are mostly operated 
on I>.C. at 600 T, distances being comparatively short and through-ninning facilities 
being important. Higher pressures will doubtless be used in most inter-urban and 
main-line D.C. schemes undertaken in future. Valuable experiments — not very 
successful— were conducted with overhead supply at 3 500 V D.C. on a short section 
of track between Bury and Holcombe Brook, and the third-rail system with supply 
at 1 200 V D.G. has been adopted in initiating a comprehensive electrification 
scheme in the Manchester district. An alternative system is to supply A.G. to the 
conductors over the track, and to convert the energy to D.C. on the loco itself. On 
the Michigan Traction Company’s experimental line, motor-cars have been used, 
each with four 100 H.P., 2 500 V machines of the double-armature type (i 250 V on 
each armature). These motors work in pairs on 5 000 V D.C. obtained from steel- 
clad rectifiers (§ 423) carried on the motor-car. The current for given power is only 
about one-eigbth as great at 5 000 V as at 600 V, and experience shows arcing at the 
collector gear to be less serious at the higher pressure though the danger of flash- 
over is increased. Assuming 85 motor eficiency, 400 B.H.P. corresponds to 
about 70 A at 5 OOO V or 590 A at 600 V. 

In a ‘ James Forrest ’ lecture presented in 1915, H. M. Hobart arrived at the 
conclusion that high-pressure D.G. locos were an established success, and that the 
D.C. system was the most suitable for main-line electrification (as well as for suburban 
work). The cost of supply at the locomotive is about the same for high-pressure 
D.C. as for 25-oycle, single-phase A.C., but supply converted from 60 to 25 cycles in 
substations costs more and involves the use of frequency-changers (| 390), which 
means sacrificing the simplicity of static substations. Single-phase locos cost more 
than D.O. locos, and the efficiency of the single-phase system is lower. 

867. A.C. versus D.C. Generation and Transmission for 
Traction. — Generation , — The relative merits of A,C- and D.C. 
generally have been dealt with in many places in these volumes, 
but every application of power has its own special problems in 
this connection. With respect to generation for traction, the 
problem has practically solved itself in this country; where D.C. 
generating stations with compound-wound 550 Y dynamos have 
been huilt for supply to electric tramways alone, they will carry 
on until they are scrapped for economic reasons — a process which, 
in less conservative countries than Great Britain, would have 
culminated years ago in most instances. New generating stations 
are unlikely in future to he built for such a restricted service as 
tramways; hut, if they are, they will almost certainly generate 
A.G. whatever the nature of the motors to be served There is 
still, however, likely to be a demand for special tramway generating 
plant for the Dominions and abroad. 

For electric traction generally, and for railways in particular, as 
indeed for nearly every other service except electrolysis, A.C. has 
definitely triumphed in the matters of generation and transmission 
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to the point of use. The advantage of being able to use high. ptM. 
sures and small copper sections is supreme, -whether the enerL^ 
ultimately to be converted to Iotv- or medium-pressure D.C. or not* 
and whether the line is main, suburban, urban or tramway. Further' 
more, so far as Great Britain is concerned, in nearly every future 
instance the energy for this service will merely be a part of the 
load of a ‘selected’ central station (§ 1041) laid out for the general 
interconnected supply of a large district, and situated where the 
conditions are most favourable for obtaining land, condensing water 
and a railway siding — proximity to the centre of gravity of the 
load being always subsidiary to these crucial conditions, especially 
so where the station is one of several feeding the same network of 
mains. Some of the existing stations, built exclusively for railway 
service, may prove good enough to serve as ‘selected stations ’of 
the National system — provision is made for this in the Electricity 
Supply Acts (§ 1041)— but it is doubtful whether those responsiUe 
for main-line electrification in the future will even wish to generate 
for themselves, in view of the greater security of the interconnected 
public systems. 

Where hydro-electric power is commercially available, as is 
generally the case in America and on the Continent, it will naturally 
be used. 

Finally, the portable generating station, carried on the train, 
may be mentioned. Recently British and Swiss firms in association 
built some travefiing power-houses employing Diesel engines to 
drive generators (see § 873), _ which in turn drive the motors on 
five-coach trains — including similar motors on the travelling station 
itself. The method seems roundabout (as well as ‘gyratory’), hut 
no doubt the conditions in the Argentine, where the equipment 
went, justified it The high thermal efiSciency of the Diesel engine 
gives it an advantage over the similar steam-electric travelling 
power-houses occasionally tried. Much experimental work in 
r^ard to Diesel-electric trains and motor coaches has also been 
done in aU the principal countries (§ 873). 

Transmission.— Bower having arrived m the neighbourhood of 
the hne to served, in the form of standard E.H.T. 50-cyele A.O., 
transformation and ] or conversion to the form required on the 
line will take place^ either in substations (§ 869) owned and 
operated by the traction authority, whether it owns the generating 
statitm or has purchased the supply, or on the locomotives them- 
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selves (§ 9 19 A). Thus, for example, the suburhan lines of the 
Bombay, Baroda and Central India Railway (of which further 
mention is made in connection with overhead equipment (§ 915) 
derives its power, at 22 kV, 50 cycles, from the Tata Co.’s main 
receiving station, to which it is delivered at 100 kV by the hydro- 
electric transmission lines. The railway supply is re-transmitted 
from the main receiving station, at 22 000 V between phases, to 
the substations, which convert it to 1 500 Y D.C. for the over- 
head track line. The 22 kV lines are carried on extensions of the 
steel structures (Fig. 405 in § 915) supporting the contact wire 
equipment, as also is a 2 200 V 3-phaso line used for subsidiary 
purposes such as station lighting and signalling. 

868. A.C. versus D.C. Systems on the Line and Rolling 
Stock. — Both A.C. and B.C. at various pressures from 500 V 
upwards have been and are being used for operating purposes, as 
well as the combination of the two on the same vehicle. 

For tramways, the use of D.C. at 500 V is fairly universal, 
whether obtained from the power-house, in that form or from 
converter substations. In railway work, practice has not yet 
crystallised. For urban and suburban lines with frequent stops 
and rapid acceleration D.C. has generally been used, as the series 
motor with series-parallel control has no rival for such a service. 
But while 500 Y is considered the safe limit for vehicles running 
on the ordinary public roads, there is no need for such restriction 
where the line has its own track, either over or underground ; and 
the tendency is to standardise D.C. at 1 500 V for such lines 
(§ 866 footnote). The power demand on such a service as is given 
by the London tube railways (worked at 600 Y only) involves very 
heavy currents, and the saving in copper made by raising the 
pressure would be very great. On suburban lines the density of 
the traffic, though very considerable, is far less than on urban 
tubes ; but the runs are longer, and 1 500 Y is more economical 
than 600 V, now that the original difficulties with 1 500 V 
rotaries have been overcome. 

The future of AO. for the actual operation of traction systems 
is unsettled. Although often- used for the outlying sections of 
American street railways — corresponding to our tramways — it is ^ 
unlikely that AC. will be adopted for a corresponding service in 
thift country. On urban and suburban lines with a private track 
it is also unlikely, so far as can be foreseen, that A.C. will be used, 
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because the characteristics necessary for the service— disea 
above— are lacking. Single-phase A. C. at 1 500 V Avas adopS 
a section of the Brighton Ime (§ 921) some years ago, with overhead 
construction, but since the merging of the railways into a few orouns 
the advantages of interchangeability of roUing stock on a stendaS 
system have become more apparent ; and there seems little doubt 
that the D.C. third-rail system used on more recently electrified 
Imes of the Southern Railway, and now displacing the sino-le-phase 
section, will be the final selected system for this class of service on 
other lines also. 

Main-line electrification has not yet advanced far, though there 
are examples abroad and in America (§§ 918 et seq.). In Great Britain 
it will certainly be undertaken sooner or later, but the ultra-con- 
servative directors of the various lines are not yet satisfied that 
the heavy capital expenditure is justified in view of the general 
^sition, on grounds rather political and industrial than technical 
Consequently' it is impossible to forecast what system will be used 
in the end, thoi^h it is probable that a single system with complete 
mterchangeability will be agreed upon beforehand or enforced by 
le^lation on all the groups of railways. For these main Imes, 
AO. IS perhaps more likely to win through than D.C., chiefly 
because it is possible to transmit at high pressure right on to the 
locomotive or coach, and then to transform down to a safe working 
pr^ure on the motors and control gear. With D.C., a pressure 
lugher than about 3 000 V would oflfer difficulties ; but with A C 
there is no reason why the vehicle should not collect power at 
16 000 V and yet use 600 V motors. It is unlikely that single- 
phase A.C. will he used in future for this service, as 3-phase motors 
Me m every way more suitable when once the difficulty of coUect- 
mg from the larger number of overhead wires, and the consequent 
d^culfaes at cross-overs, etc., have been overcome to the satisfaction 
Ox the Govermnent Department concerned. 

/c As recorded elsewhere in this volume 

(§ 1^1). the reorganised National supply of Great Britain will 
eventually originate in a comparatively small mimber of power 
stations, mterconnected by a network of 50-cycle transmission lines 
using extra high pressures. There are obvious limits to the 
which can reliably and safely be collected by a moving 
vehicle on track exposed to the weather ; and, apart from this, it k 
deM that the controlling staff of an electric line must be solely 
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responsible, and entirely independent of the central station, inside 
the point where delivery takes place. Furthermore, the generating 
authority, however large the plant may be, cannot risk the shutting 
down of the whole systena in consequence of a railway mishap or 
other unforeseen event. In nearly every case, therefore, there will 
be substations (§ 426 to 428, Vol. 1) belonging to the traction 
authority along the lino; to these power will be delivered, and 
from the point where it is measured the traction authority will 
have full control, though the suppliers will he able to ensure that 
they are safeguarded, on their side of the point of transfer, from 
abnormal demands beyond the inevitable short-circuits that occur 
from time to time.* At present most substations in this country 
are served by incoming and outgoing underground cables, but in 
future it is probable that overhead lines will be used — as they are 
now abroad — to a far greater extent. Lightning and surge protec- 
tion are required ; transformation from the supply voltage to that 
needed for the line or the converters (as the case may be) will be 
effected ; f a switchboard will control the incoming and outgoing 
circuits ; and the necessary protective gear and measuring instru- 
ments will be installed. If A.O. is hereafter used on main lines 
from beginning to end there may be a considerable opening for out- 
door substations (§§ 381, 427). 

T^liere B.C. is employed, as it is likely to be in Great Britain, 
the protection of converters from damage due to flash-over on 
short-circuit has necessitated the evolution of the modern high- 
speed circuit-breaker ; see § 372 (3), Yol 1 (5th edition). 

Until recently the D.G side of converters was generally built 
for 750 y and two were put in permanent series for 1 500 Y, hut 
1 500 Y rotaries are now becoming standard. For reasons given 
in § 372 (3) (‘ High-speed circuit-breakers ’) modern traction 
rotaries incorporate special features for obviating destructive 
flash-overs. Special fans are included in the machines for pro- 
ducing a draught strong enough to remove all ionised air from 
the commutator ; and all parts to which an arc is likely to strike 


*Aa a corollary to severe slxorfe-circuits, copper vapour will often make an 
appearance ; and the uncanny property of this vapour for starting arcs over large 
distances, even with quite low voltages, hsis led to modifications in the design of 
machines, switchgear, and traction equipment generally. 

t On the G.I.P. By. (§ 916) transformation from 100 kV to the converter pressure 
is effected in one stage. 
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are shrouded with arc-proof insulating material, almost to th 
extreme of interfering with the ventilation. Some rotaries known 
to the authors show a tendency to flash-over to the inside of the 
armature spider, presumably owing to eddies carrying ionised air 
there, so that now the spider is completely blocked off with an 
insulating barrier. Again, the commutator is now made of the 
same diameter as the armature, so as to increase the spacing of the 
brush arms and, more important still, to eliminate the ‘riser’ con- 
nections between the commutator and armature, which were always 
liable to come together and produce short-circuits independently. 
In acceptance tests the last shoi’t-circuit has been specified to take 
place with the high-speed circuit-breaker rendered inoperative, 
showing that modern traction rotaries are intended to be flash- 
over proof on the strength of their own design. In this test, the 
circuit is broken by the ordinary circuit-breaker (0-5 second) on 
the A.C. side. The advent of the 132 kY lines of the Electricity 
Commissioners necessitates transformers with that primary pres- 
sure, which have hitherto not been built in this country. Outputs 
are also increasing, and 54 OOO kYA transformers have been built 
for Buenos Ayres consisting of three 18 000 kVA single-phase 
units with one spare. 

Mercury vapour rectifiers (§§ 422, 423) are now able to compete 
actively with other converters in the service required for traction, 
or to co-operate with them in parallel working. As already 
recorded (§ 423), ironclad rectifiers have been made up to a 
capacity of 3 750 kW at 5 000 Y and the limit is by no means 
reached. Requiring less attention, they will probably displace 
converters altogether in the end. Mercury vapour rectifier sub- 
stations for general service are in use in Birmingham and are 
largely used abroad, and for traction work they are already 
employed. ^ No motor-generator or convertor can compete with 
them for high-voltage D.C., and higher pressures than the present 
1 500 V are certain to be used presently. Large M.Y. rectifiers, 
however, have to be provided with motor exhausters and cooling 
water suppUes, so cannot be left altogether to themselves. 

To what extent the transvertef (§§ 414, 425) will eventually 
come mto the picture remains to be seen. It offers extra high 
tenmcm D.C. fcff transmission and any standard medium pressure 
at substations. 

Automatic Sui>stations . — Automatic and semi-automatic sub- 
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stations (§ 428) have already been used to some extent in traction 
service, and are destined to play a very important part in future. 
In his ‘Review of Pro^'ess’ of electric traction* (1927) Mr. P. 
Lydall distinguishes between the ' full automatic ’ and the ‘ super- 
risory control ’ automatic substations : — 

The central idea is that when the conditions of loading require it, the converter 
or motor-generator is started up and switched on to the line ; when the supply is no 
longer needed, the set is switched off and disconnected ; and when anything ab- 
normal occurs either on the line or in the substation, the set is automatically 
protected either by a temporary opening of the feeder cirouit-breahers or by shut- 
ting down and locking the set out of action until an inspector has visited the sub- 
station and dealt with the trouble. Under normal operating conditions the starting 
of the set is governed by the line voltage, so that when the local demand is such as 
to reduce the voltage by a predetermined value below the normal pressure, the set 
is run up and switched on to the line. When the load falls ojS, the controlling 
relays open the main switches after a definite time interval, and the set is discon- 
nected from the line and stops. 

This type of automatic or unattended substation is generally referred to as being 
fully automatic. Other systems have also been developed, known as supervisory 
control systems, in which all such operations as starting and stopping the sets, 
connecting them to the bus-bars, opening and closing feeder circuit-breakers, are 
carried out by a supervisor by remote control from a central point or from a 
neighbouring substation. Subject to such remote control the working of all the 
switchgear in the substations is entirely automatic, complete safeguards being 
provided to protect the machines against injury due to breakdown or faulty 
operation. The supervisory system usually makes provision for back-indication, i. 0 . 
indicating to the supervisor whether the switching operations he has initiated have 
been properly carried out and completed and showing also tbe opening of any switch 
due to overload or short-circuit {s&e § 892) .f 

In the electrification of the Oape Town suburban railways the 
rotary converter transformers are fed at 33 000 V, 3-phase, and 
deliver D.G at 1 500 Y ; the G.E.C. (London) all-relay tandem 
supervisory system of control is applied to these rotaries, enabling 
the load despatcher at the central station to start or stop them at 
each and all of the six substations and to assure himself by means 
of visual indications that they have done what he requires and are 
working properly. Automatic substations are also used on the 
Sheffield tramway system, and an account of their working will he 
found, in the Eleotricod Review, Yol. 102, p. 1078. 

* Jour. Vo3. 65, p. 151. See also § 893, below. 

f J’or a description, of the supervisory-contioUed substations of the Bombay, 
Baroda and G-I.By., se& the Metropolitan-Vichers Gazette, October, 1928. 
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Rolling Stock. 

870. Tramcars Supplied with External Rower.— While cars 

and locomotives with self-contained power (§ 873) have their 
special u-ses, the majority of vehicles of all sorts are propelled bv 
power obtained from a central station. These comprise street 
tramcars, motor coaches running on railway lines, and railway 
locomotives. Tramcars will be dealt with first. ^ 

On British tramways, the use of trailing cars is not encouraged 
though they are occasionally used for service (as distinct from 
passenger) work; in some countries they are used in order to have 
two ‘classes.’ Generally, however, the tramcar is a single unit 
either single- or double-decked, equipped with two series-wound' 
D.C. motors and series-parallel control. The time has passed 
when any detailed description is required, improvements being 
mainly in the direction of non-electrical equipment and higher 
power. The standard gauge (4i ft. in.) is most widely used, but 
there are several important systems in this country using 3 ft. 6 Ins. 
and some intermediate values. Seating capacity runs up to about 
60 for a single truck, 30 ft., 10-ton car and say 90 for a bogie, 
34 ft., 15-ton car. The two motors vary from 25 or 30 B.H.P.' 
each in the smaller t^e up to 50 or more B.H.P. in the larger^ 
according to the gradients met with and the length of the hills to 
be traversed. 

871. Rail Motor Coaches and Multiple Unit Trains.— 

Motor coaches are also often used singly, for the same type of 
traffic as self-contained vehicles (§ 873) ; but they are generally 
so designed that they can be made up and operated in any 
mmber that suits the traffic of the moment, multiple control 
being employed by means of a master controller in the driver’s 
cabin to operate all the motors simultaneously (§ 741). 

With motors on every axle, or at least on most cars— and two 
or more per vehicle are almost invariably employed, in order that 
series-pamUel control may be used — the adhesion (§ 890) is im- 
mensely increased over that obtainable with a locomotive drawing 
a whole train from 6 or 8 axles, and h%her acceleration can be 
obtained without danger of skidding; if there are motors on 
every the adhesive weight is obviously the total weight of 
the train. In some eases each equipment consists of two sets of 
D.C. motora, each set made up of two armatures permanently 
connected in series, so as to reduce the commutator voltaere 
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Generally the ‘unit’ system is employed, a unit consisting of 
either 3 or 4* coaches, and 1 to 4? of these units comprising a train. 
The make-np of the units varies ; on the Bombay suburban lines 
there is a driving trailer (i,e. a coach containing a driving position 
with master controller, etc., but no motors) ; a motor coach, pro- 
\aded incidentally with a driving position for convenience in repair 
shops ; a plain trailer with no equipment at all ; and another driving 
trader to bring up the rear and provide for operation in either 
direction. (For another arrangement see § 916.) 

This type of rolling stock is used on most of the London 
suburban railways, interspersed with trailers often, and also with 
both driving wheels and free bogies on the motor units. Trains 
vary, according to the time of day, from a single coach up to six 
or eight, with a seating capacity of 400 and straps for nearly as 
many more. The weight of such a train, full, is about 200 tons, 
and up to 2 400 H.P. of motors is required to maintain the usual 
schediie speed of 30 M.P.H. Westinghouse (compressed air) 
brakes are used in place of the vacuum brakes of British steam 
lines. 

The motor coaches on the Morden extension (London Under- 
ground) are 51 ft. long overall, 8 ft. 6 in. wide and 9 ft. 6 in. 
high. One motor bogie with a 6 ft. 11 in. wheel base and one 
trailer bogie of 6 ft. are used, both with roller bearings. On the 
Sydney suburban service over 300 motor coaches, each with two 
360 H.P. motors, are used. 

872. Electric Locomotives. — For main-line railway work 
electric locomotives are for the most part used, their equipment 
varying greatly with the service required of them. Examples of 
types will be found below and in paragraphs 915 <3^ seq. From 
two to a dozen motors may be used, with varying numbers of 
driving wheels, the larger types being articulated. In some a 
jack-shaft and side-rods, as in steam practice, are used ; in others 
the geared quill drive is employed, the motor being aligned with 
the axles but connected to the drivers through springs ; in others 
there is a plain geared axle drive ; and finally there is the gearless 
type. Gear ratios vary greatly according to the type of service 
and speed required. 

D,G, Goods LocoTYiotive . — As an example of locos for heavy 
freight service, those on the Great Indian Peninsular Railway 
(Bombay) may be cited. This line is described in some detail in 
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paragraph 916, where further technical details of the locos 
added. The line, recently converted to electric workino’ ri!!* 
some 2 000 ft. up the Western Ghats from the plains of BomW 
with gradient up to 1 in 37, and until it was electrified there were 
^eat delays in consequence of a reversing station being reoiiu-pH 
The ‘Metrovick’ locos weigh 120 tons and are rated at 2 600 
H.P. They are of the side-rod type, with a total length of 60 ft. 
the body being carried on two flexibly connected trucks each of 
which IS equipped with a twin motor of 1 300 H P IFor 
formance see § 916.) ^ 

B.G. Passenger Locomotive . — ^For high-speed passenger service 
on the same line the locos are of 2 160 H.P. Here the motors and 
g^^g are rigidly mounted on the frame of the loco and transmit 
their power through universal flexible motion link drives, capable of 
accommodating the movement between axles and frames. By thus 
relieving the axles of dead-weight and keeping a high centre of 
gravity, the track is relieved from shocks, and the loco is made 
mechameally safe for speeds up to 85 m.p.h. 


The case of a vehicle lunning on Bxed rails is quite difierent from that of e 
mofcor^r on the Mgh road. In the latter case the centre of gravity should be bw 
^^^mxngrs the darker to be guarded against, and the Mghfof tte esnU ll 
hSwuf ““.lability to sMdding. In the ease of a rlilway locomotive a 

■ curves arenf*! ^ required, since there is no danger of overturning, as all 

mo™ a Wh t'™ ? super-elevated, lurther- 

aide xno«? lightens the wear on the track by enabling side-to- 


Some further details of these locomotives are given below m 
paragraph 918. 

TJ^ee-Pkotse Loconwtive.— As an example of an AC. loco 
toose m use on the Italian railways may he given. » These have 
b^n d^ign^ for the mountain lines on which both freight and the 
mtematK^ tl^ugh expresses travel There are grades of 2 fl and 
f ^'5 7o on the ISfont Cenis line. The total weight 

of the loco la 75 tons, distributed on five coupled axles, and two 3- 
pha^ mduction motes of 1 400 HP. are fed directly from the over- 
^d Ime at 3 600 V, and 16§ cycles. By means of a triangular 

^ others are coupM to 

this by ordinary connecting rods. The control gear enables the 


* ML Rev., YcA. 92, p. 525. 
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motors to operate with 8 or 12 poles as well as in cascade, giving 
four normal speeds of 15-|, 19 and 31 m.p.h. A liquid resistance 
is used for starting. Auxiliaries are worked from two 12 kW, 
100 V transformers — compressors, cooling fans, pumps for the 
automatic liquid rheostat, and a hoiler for steam heating of the 
carriaf^es. The efficiency of the motors is from 85 7o upwards 
and the power factor between 75 and 85 7o when on series connec- 
tion and between 80 and 97 °/^ in parallel. The tractive effort at 
16 m.p.h- is 16 tons. 

873 . Self-contained Locomotives. — Of self-propelling cars 
and locomotives, independent, or partly so, of an external source of 
supply, there are three main types : — 

(i) Turbo-electric locos, 

(ii) Oil-electric locos, 

(hi) Battery locos. 

There is a considerable, and very little explored, field for all of these 
on railways — whether steam or electric — with infrequent services, 
especially on either side of junctions and for inter-urban work. 
The hard-headed business men who run our railways are presumed 
to know more about their economic working than mere technical 
men and theorists ; but the fact remains that omnibuses and other 
road vehicles are filching all their short distance traffic while they 
look on with folded hands and say ‘ Kismet ' — or ask for Parlia- 
mentary powers to compete on the high roads. It is true that by 
far the greater part of their gross revenue comes from goods traffic ; 
but the nett revenue depends on all classes of traffic for exceeding 
the expenditure with a margin for dividends. 

Let. any reader pick up his ‘ Bradshaw ’ and take at random 
from the map two stations adjoining his nearest junction, hut on 
different branches. The distance from one such place to another 
may be 5 or 10 miles and the time taken over it an hour or more 
by rail, of which a third is spent in changing and waiting at the 
junction. What wonder that the traveller takes a bus ? * It may 
be true that there is not much present traffic between two such 
villages close together, though the buses have developed some ; but 


* M.g. Woiplesden to Broolrwood, via Woking, Southern Baiilway. Distance 
by rail, 6 miles ; by road, 3 miles. Time taken by rail, 1 hr. 50 mins, ; by bus 
(not taking the above shortest route), 21 mins. 
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the case in the footnote has been cited as a reduotio wd abswd 
and both tram and bus cover the places beyond in both direrfT*"’ 
where the contrast is only a Httle less marked and the traffllT’ 
more Clearly self-contained vehicles could connect up adioinJ’’ 
branch lines without more than a minute or two stop at the 
tion; and quite certainly they could be fitted into the time taw!' 
At most they might have to go into a siding for a minute to 2^ 
an express and yet be able to average something better than til 
10 m.p.h. of the petrol bus or the antediluvian branch line steam 
engine. But even where these ‘ rail ears ’ are used, they are mostlv 
steam-o^rated at pr^ent ; as for example on the London & North 
Eastern Railway, where such ears, with a capacity of 65 passengers 

own generating station, 
and thus gets the benefit of an electric drive without LurrW 
capital expentom-e on transmission lines or losses in transmission 
from an outside source. On the other hand, so small a central 
station cannot generate at nearly so low a cost as a large fixed one- 
and It would at first sight appear to be a thoroughly uneconomical’ 
arrai^ement to have a steam boiler and turbine with dynamo and 
motor m place of the engine and hoUer only of a steam loco. But 
the adyanta^s of perfect regulation, high acceleration and the 
el mumtion of reciprocating gear— despite the fact that this has been 
crf^^tiaT " locos-make the combination worthy 

An experimental ‘Ramsay ’ condensing loco of this type was 

& Ca in 1922 and has sin^e iZ 
Midland & Scottish 

Railway* Briefly the leading details are as foUows 
contra 

200 Ib. pressure, superheated steam (300° S'.) at 

mean blade diameter with « Q-n turbine of nine stages and 36 in. 

600 V alternator. auxilia^^m^W f’’?- S-S>^a-se, 890 fcW, 

ercitaUonandaumliarii if ge^^erator for 

evaporative condenser [§ 175 (2U added’hv'^^ revolving-tube 

the boilei; the oondensinu Lit ® condensate is returned to 

iHinlmra a"re at c^ed T/tht^rtt”® ^btfnr” “ 

A.C. sEp-ring ventilated t^. eLh B H P ^ 

-K-H.P. continuous rating and 360 B.H.P. 


The Railway Engineer, January, 1924, p 5 
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one-hour rating. The speed at ^m.p.h.is 1 175 r.p.m. Each pair of motors is 
bolted to a centre stretcher carrying a transmitting shaft and spur wheels ; pinions 
keyed to the motor shafts gear mth the spur wheels, power being transmitted 
through coupling rods. The tractive efforts at the wheel rim for the accelerating 


period are — 


hTormal running 


At starting, 

22 000 lb. 

„ 15 m.p.h. 

22 000 „ 

« 30 

11 050 „ 

„ 60 

8 600 „ 

, 60 

6 000 „ 


At starting the main turbine is run up to half speed (1 800 r.p.m.) and the motors are 
switched in while connected in cascade ; with this combination 3 times the normal 
torque is obtained. The overall length of the loco is 69 ft. 7^ ins. ; drivers, 4 ft. 
diam. ; weight, 154 tons; normal ratio of adhesion to tractive force, 12*05 to 1 
(§ 890). This loco has been regularly running for some time with loads up to 
275 tons and speeds up to 60 m.p.h. 


The oil-electric locomotim has the same advantages and disad- 
vantages as the turbo-loco, but substitutes the oil or petrol engine for 
the boiler and turbine. The improvement of the Diesel engine in 
recent years, in connection with submarines, has had its repercussions 
in this more peaceful direction. To the obvious advantage of absence 
of smoke, more economical operation may be added, the efficiency 
being about 25 % against 15 % turbo-electric loco. A 

number of these, weighing from 60 to 100 tons, are in use in 
America, where it is anticipated that they will prove particularly 
useful on suburban work, and in yards. Also there is scope for 
them — though not in this country — where clean feed water is un- 
obtainable and boiler tube replacements are consequently frequent. 

A 100- ton shunting loco of this typ® '^9'® successfully put into service on the 
liong Island Railway (U.S.A.) in 1926,’*' where it was employed to haul a 1 200 ton 
load. It has an overall length of 46 ft. and a wheel base of 36 ft., with a total 
weight on four driving axles of 200 000 lb. The equipment consists of a vertical, 
six-cylinder, four-cycle oil engine, with 10-in. pistons and 12-in. stroie, developing 
WO H.P. at 600 r,p.ni. and with a consumption of 0*43 lb. of oil per B.H.P.-hr. 
To the oil engine is direct coupled a six-pole, D.C., differential compound wound, 
commutating pole generator, together with a four-pole 60 "V exciter. A 32 Y storage 
battery is also supplied for excitation at low speeds. There are four D.G. series 
motors of the single-geared, box-frame G-,E. 69 C railway type, each supported in its 
axle and bearings by the motor nose on the trunk transom, the gearing giving a 
maximum loco speed of 30 ni.p.h. The differential winding ensures that the voltage 
is about inversely proportional to the tractive effort ; the output and the voltage 
automatically adjusting themselves to meet the requirements of the service. The 
only operating handles are consequently the throttle lever controlling the engine 
ou^ut, and the series-parallel and reversing motor switches- A petrol-driven air 
oompr^sor, with high-pressure air tanks for starting ; a water heater for use when 
the engine is not running ; and 2 400 sq. ft. of radiator for cooling the jacket water 
complete the outfit. 


VOIi. III. 


Ml, Bev.f Yol. 99, p. 91. 
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Diesel-electric rail cars, made by Beardmore'of Glasgow 
in use on the Canadian railways. * An eight-cylinder Diesel en^^ 
rated at 320B.H.P., of the light type developed for aeroplanes 
a 200 kW, 600 V, D.G. generator, which in turn drives 
100 ELP, 600 V motors.f A storage hattery is added for startinv 
up and working accessories, and can take the ear a short distai^ 
in case of breakdown. An average speed of 52 m.p.h. was attained 
on trial over 117 nules, with an oil consumption of one gallon for 
Zi miles The car is articulated, with 4-whee] bogies at each 
end and one at the centre; its length is 102 ft. ; weight, 94 tons- 
capacity, 126 passengers. Trains driven in the same manner are 
in use on the Buenos Aires Great Southern Railway; and the 
L.M. & S.R. is experimentmg on the Manchester-Blackpool line 
with a similar Diesel-electric locomotive of 500 H P canahle nf 
drawing a 4-coach train at 50 m.p.h. ' ” ^ 

Diesel-electric cars are also in use on the Swiss Federal rail- 
w^s An 8-cylinder, 4-cycle engine is used, developing 250 
B.aP at 550 r.p.m. A 6-pole, 750 V, D.G generator is direct 
coupled to the engine. A nickel-iron battery of 90 cells is also 
installed for starting, etc. There are two self-ventilated motors 
with a continuous rating of 56 kW and one-hour rating of 70 kW 
used with series-parallel control, the gear ratio being 4^ to 1 The 
empty coach weighs 57 tons and the fuel consumption on test 
was 0-024 lb. of oil per ton-mile. Assuming a calorific value of 
18 000 B.TLU. per lb. of oil, this consumption is equivalent to 
4 500 B.Th.D. = 1-32 kWh (§ 52) per ton-mile. 

' possibility of using Diesel-electric locomotives for main-line 
traflac m Great Britain has been discussed in the Weir Report and 
elsewhere, and a comparison between this and other methods has 
been made| from which the foUowing %ures are taken. On an 
avei^e load fector of 50 per cent, for the complete electrification 
ot the mam hues of this country, the total power of the steam tar- 
ing, or other prime movers, required in electric power stations 
would amount to 3 450 OOP R.H .P. ; but if Diesel-electric traction 

• Dail$/ Tdegrnph^ Oct. 14, 1925. 

"f- But the Diesel engine raimg is 

gave 250 B.H.P. 

^ I* “ harder to explain 

““ generator serving 400 H.P. of motors. 

aon.’ HW^ Eelaang to Steam, Electric and Diesel-eleotrio Erao- 

aon, H. -W. H. Richards. Intt. CJB., Paper No. 4908. 
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adopted tlironghout, the total Diesel engine power would 
amount to approximately 15 QOO 000 B.H.P. On the same l)asis 
it is estimated that the total weight of electric tractors would 
amount to 845 000 tons, as compared with 1 307 000 tons for 
Diesel-electric tractors. The original paper should he referred to 
for further details. 

High-Speed Diesel-Electric Motor Coach of the German 
Beichsbahn,—1h.e ' Flying Hamburger ’ of the German Eeichshahn 
is a Diesel-electric vehicle accommodating 102 passengers, and 
scheduled to complete the 180-mile journey between BerKn and 
Hamburg at an average speed of 77 m.p.h., the maximum sus- 
tained speed on clear track being about 100 mup.L The coach is 
built in two parts, supported at each end by a bogie containing a 
4f05 H.P. Diesel-electric D.C. generating set, and carried at the 
centre by a third bogie, the two axles of which are each driven 
through 1 : 2*62 gearing by an electric motor supplied by one of the 
Diesel-electric sets. For details of the coach reference may be made 
to the technical press.* The Diesels are Maybach 12-cylinder 
Vee-motors, rated at 405 H.P. (continuous), 1 400 r.p.m., and con- 
suming 0*4 lb. oil per H.P.-hr. Either of the Diesel-generator- 
motor sets is alone capable of driving the coach at 75 to 80 m.p.h. 
if the other be disabled. 

The Gebus system of control is used in the generator-motor 
circuit, this offering the advantage that the driver’s duties are 
simplified. The essential feature of this system is the use of a 
generator of such characteristics that it automatically absorbs the 
foil driving power available at any moment. With the exception 
of a main contactor, which opens the generator-motor circuit when 
emergency braking is applied, the only switchgear between the two 
machines is a reversing switch. The power developed is regulated 
by varying the speed of the Diesel engines. The generators do not 
excite at the ^ light’ speed of the Diesels (750 r.p.m.), hut they are 
self-exciting at higher speeds. For each value of power output, as 
determined by the Diesel speed, the current and voltage in each 
generator-motor circuit adjust themselves automatically so that the 
output of the Diesels is exactly absorbed. The Diesels are started 
by running the generators temporarily as motors from a Od-Y 


* Eailway Gazette, YoL 67, p. 791 ; Yol. 68, p. 121. Bailw<m Engineer, 
Yol 64, p. 83, Electrical Bem&ia, Yol. 112, p. 776, 
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battery, the two halves of which, in conjunction with amiharv 
generators, light the respective halves of the coach. The essel^l 
feature of the control is that the current-voltage curves of the 
generators correspond closely to the power curves of the Diesek 
over the working range of Diesel speeds (1 100 to 1 400 r.pm.) - at 
any given engine speed, the generator voltage increases (or deerea^i 
as the current decreases (or increases), thus Tnainta,im-ng constant 
power. Energy dissipated in an adjusting resistance in the shunt 
field circuit of the generator is used to heat water in the refreshment 
buffet. ^ AH the engine controls are actuated electrically, and cab 
signalling and train control apparatus is operated by track magnets 
(interlocked with the signals, points, etc.) should the driver attempt 
to overrun signals or exceed prescribed speed limits. 

Battery locomotives are self-propelling hut not self-contained 
in the full sense that the two previously mentioned types are, as 
them radius of action is limited by the capacity of the battery, 
which must be re-charged from an outside source. The main use 
of battery cars is for road and platform vehicles (Oh. 36), and they 
are also being employed to an increasing extent as locomotives b 
underground haulage (§ 832) ; in passenger work on rails their 
use is at present very restricted. For shutde services and the like 
they are well adapted, and especially for shunting and yard work ■ 
and they would be a useful asset to central stations (in sufficient 
numbers) for off-peak charging. This latter consideration was 
often urged in vain in the past, when all traction systems had their 
own power-houses, and the levelling up of the load curve was a 
definite matter of £. s. d. ; but now the burden of improviig the 
load factor has been shifted on to the Central Board and its ‘ peak 
load statiohs,’ except to the extent that the price charged for hulk 
supply will vary with the load factor of each bulk consumer. 

^The largest battery locomotive hitherto built is in service on the 
Chicago and North-Western Railway, and weighs 110 tons. It is 
capable of hauling a 1 500-ton train at 8 to 10 m.p.h. and a 3 000- 
ton ti^ a,t shtmting speed ; it carries 40 tons of Exide ironclad 
batteries, viz. 120 ceRs of 2 700 Ah capacity at the 6 hr. rate of 
discharge. 

iQia'?* details of a typical battery locomotive,* built by the Midland Railway in 
raid to su^rsade borse-sbunting in a tiondon coal yard, are as follows : Weight, 
ns cwt®. , draw-bar pull, 6 4CX) lb, maximum; normal load, S loaded wagons 


* Mechanical World, July 29, 1921, p. 82 
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(90 tons) ; masdnauin load, 12 wagons ; speed, 7 miles per hour; unloaded speed, 
about 12 miles per hour ; yard capacity, about 100 wagons ; average weight per 
haul about 30 tons ; average length of haul, about 50 yds. ; annual ton-miles, 
about 45 000 (excluding locomotive weight). 

For information as to the distances traversed bj battery 
vehicles on one charge see Chapter 36 (Eoad Vehicles). On rails, 
with lower track resistance, there will he a corresponding gain 
but no data are available. 

Druumm Battery Coaches. — The Great Southern Railways of 
Ireland put into service, in 1930, an experimental coach -weighing 
about 13 tons operated by Brumm storage batteries, which are of 
the zinc-alkaline type averaging about 1‘9 Y per cell (compared 
with about 1*2 Y per cell for the iron-nickel-alkaline type, § 434, 
Yol. 2). 

The following p^urticulars concerning this batteiy are said * to he derived from 
the specification of patent No. 365,125/1932; patents applied for at later dates 
should be consulted as published. The specification cited states that : ‘ The invention 
consists in an alkaline storage battery in which the active negative material consists 
of zinc plated out of the electrolyte on to a supporting plate having a smooth, clean 
suihice of nickel on monel metal . . . subjected to electrolytic treatment fox the 
porpc^ of producing a hydrogen alloy at the surface. The electrolyte may consist 
of a solution of caustic potash of sp. gr. 1*22 to 1*25, at 15° 0. Prior to the employ- 
ment of this solution in a cell, however, it is made to dissolve zinc oxide to satura- 
tion, and when this solution has been filtered, it should have a specific gravity at 
15° C. of between 1*245 and 1-275- Yarious forms of positive plate may be employed, 
and this may be of the tubular or of the flat-pocket form, but in each case the de- 
polariser material consists of nickelio oxide or of silver oxide (as described in previous 
patent No. 335,587) or a mixture of the two. The nickelio oxide may^be mixed with 
graphite or a mixture of graphite and silver oxide, or the conductivity may be im- 
proved by nickel thread or nickel gauze inserted in the active material. The ne^tive 
fdates or cathodes consist essentially of nickel gauze or monel metal gauze, the 
former being preferred on account of its greater electrical conductivity.’ 

It is suggested (loc. cit.) that, in view of diflficulti^ encountered by previous 
inventors who have experimented with the zinc negative the following paragraph 
appears to contain the essential germ of the invention : ‘ The battery produced in 
accordance with the invention depends for its action on the fact that a nickel surface 
may be treated in such a way as to make readily possible satisfactory deposition of 
zinc metal from a concentrated solution of zinc oxide in caustic potash. Q^o prepare 
the nickel surface of the gauze for satisfeictory deposition of zinc it is necessary to 
treat the nickel surface to the cathodic evolution of hydrogen in ordinary caustic 
potash solution for several hours. During this time a change seems gradually to 
occur on the surface of the nickel whereby the over-voltage necessary for the dischai^e 
of hydrogen gradually rises to a value which is about that necessary for deposition 
of zinc in alkaline solution. No doubt the explanation of this phenommioii is 
a^ociated with the surface formation on the nickel of a nickel hydrogen alloy. . . . 


The Bailway Engineer, Yol. 63, p. 148. 
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I>tiriiig the process of charging of the accumulator the zinc is plated out of the 
solution of caustic aincafce on to the nickel negative in the form of a dense briglit 
deposit which is completely free from spongy or loosely adhering zinc, . . . 
discharging the accumulator to excess for long periods of time, the addition 
aluminium hydrate or of beryllium hydrate, or both, is advantageous, and we find 
that such additions may be of the order of 1 % of the weight of the electrolyte lor 
aluminium hydrate and 0*5 for beryllium hydrate.’ 

It is stated that it is undesirable to allow the new accumulator ever to exceed 
35° C. (95° S’.). 

Folowiiig the results obtained with the experimental coacli, it 
was decided that battery coaches should replace steam-operated 
trains between Dublin and Bray, where intensified suburban service 
is worked on a line 14^ miles in length, averaging 1*2 miles between 
stations. The coaches will operate up to 300 miles a day, and the 
batteries will be charged during halts at terminal stations, which 
average up to 15 mins, per hour. The following data are given (loe, 
cit.) concerning the new vehicles and their batteries : — 

Battery voltage, 500 Y (264 cells). 

Dimensions of cell, 13^ x 10 x i5 ins. high. 

Weight of ceU, 130 lb. 

Capacity of cell, 150 Ah at §-hr. rate ; 300 Ah at 1-hr. rate ; 600 Ah at 
2-hr. irate. 

Maximum discharge current, 1 500 A for 30 secs. ; 300 A for ^-hr. 

The charging current is said to be 500 A for 20 mins, at start ; 300 A for his, 
at finish ; maximum boost, 720 A. Time to charge, 1 min. per mile of run. Mileage 
per charge, 15 miles normal, 90 to 100 miles maximum. Ah-efaciency, 90 to 93 °/ ; 
Wh-efficienoy, 70 to 74 % {cf. § 434, Vol. 2), ° 

The internal resistance of the new cell is stated to be about 0*25 to 0*2 
that of other alkaline cells of equivalent plate area. Regenerative braldng has been 
facilitated and rendered more efScient by the ability of the Dnmim battery to sustain 
rapid rates of energy input at regular intervals several hundred times a day. 

The two-coa^h unit, with this battery equipment, is carried by a 4-wheeled bc^e 
at each end and driven by two 200 -Hl.P. motors, one on each axle of a central bogie 
which supports the adjoining ends of the two coaches. The two-coach unit seats 
140 passengers and weighs 70 tons in running order (without passengers). 

Two charging stations, at Dublin and Bray, are fed with high-voltage, 3-phase 
current from the Shannon power network, and provided with step-down transformers 
and rectifiers capable of supplying 900 A continuously at 630 Y D.O. or 1 OOO A for 
30 mins., rat 1 350 A for 2 mins. 

At the time of writing, the authors are not aware of any specific 
data regarding the service performance of the Drumm battery 
coach^ but if expectations are realised these vehicles represent an 
ioaportant advance in battery traction. 

874* Industrial Locomotives. — ^In the preceding paragraph 
mention was made of the suitability of the self-contained loco- 
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motive for such work as shunting ; and the following abstract * 
presents the ease for industrial locomotives very lucidly: — 

It has long been recognised that the small steam locomotive, for industrial 
purposes or in shunting yards, is wasteful and inefficient, but in the majority of 
cases this has been regarded as a necessary evil. 

In most works one source of waste is in the handling of material with steam 
locomotives. Consider the proportion ©f time spent in doing useful work to the 
total time during which the steam locomotive is burning fuel and using water. 
Before going into service, steam has to be raised, necessitating the attendance of 
a fireman ; then bunkers have to be filled and water has to be taken on board. 
During service, when not usefully occupied, the consumption of fuel and water 
still goes on, and in the majority of works these staad-by losses must necessarily 
be considerable. After service the fires have to be drawn and the ashes cleared 
away. 

In addition to this daily waste, the steam locomotive must he withdrawn from 
service at intervals for boiler washing, repairs to fire-box, repairs to glands and 
numerous other small fittings. At long periods the steam locomotive must have 
its boiler thoroughly cleaned and re-tuhed. During the time these repairs and 
renewals are being effected, besides the labour and inconvenience entailed, the 
locomotive represents capital laid idle. 

As an alternative, it is claimed that an electric locomotive eliminates a great 
deal of this waste. It is ready for use when required. There are no stand-by 
losses.+ At the end of the day it can be put in the shed and left. The drive is 
through rotational machinery, and, consequently, the torque is even, which means 
that the driving parts do not have to withstand the impulsive forces to which the 
steam locomotive is subjected. Repairs are infrequent and quickly effected. 

A steam locomotive must be engined for the heaviest load to be hauled, but 
this is not the case with an electric locomotive. The latter can be motored for the 
normal load, as it is capable of sustaining heavy overloads for short periods. 

In addition to the above points, the electric locomotive scores because it is 
clean, needs the minimum amount of labour for driving, and is less Likely to cause 
fires. There is always danger of fire with a steam locomotive, due to sparks and 
red-hot cinders, and it is a fact that insurance companies are willing to accept 
smaller premiums when electric locomotives are substituted for steam locomotives. 

The works in which locomotives are used may be divided broadly into two 
kinds:'— 

(1) Those which require intermittent service. 

(2) Those which require continuous service. 

In the first class there are power stations, gas works, and small factories where 
the large railways deliver and collect material three ox four times a day. 

In the second class there are colliery yards, steel works, and large works 
generally. 

In addition to these, there are others where special conditions exist, such as 
wood yards, docks, paper mills, etc., where cleanliness and the prevention of fire 
are of great importance. 


* Eledricity^ Aug. 19, 1921 ; reprinted from the English Electric Joumcd, 
t There are, of course, stand-by losses in the central station supplying the 
power, if the locomotive is not self-contained ; but these are small in comparison. 
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For the first class a battery locomotive may be used, while, generally speakiuc 
a trolley locomotive is recommended for the second class. There may, however k 
objections to the installation of overhead wires, and then the batte^ loeomotiv 
must be used. ® 

Sometimes a combination of the two is advisable, as in the case of theordiaarr 
steel works. A steel works usually has a fairly level track alongside the famsm 
and a heavy grade up to a slag tip ; near the furnaces, overhead wires are objection- 
able, hut up the grade they can he installed without inconvenience. On the leveL 
therefore, it is necessary to use a battery, hut up the grade, where a heavy demand 
would be made on the battery, the locomotive runs on the trolley wire. The use 
of the troUey wire up the grade enables the battery to be kept within reasonable 
dimensions, or alternatively, it does not need to be charged at such frequent 
intervals. 

As a guide to the relative costs of steam and electric locomotives on a basis of 
work done, the foUowing figures have been compiled, and although it is not claimed 
that they will apply in aU cases, there is no doubt that they are representative and 
do not unduly favour the electric locomotive. The figures for repairs and mainten- 
ance, depreciation and interest on capital include all charges attendant on each 
system. For steam locomotives account has been taken of coaling, watering and 
repair plant, and for electric locomotives, overhead line, battery charging, converting 
and repair plant have been allowed for. 

In the following table 100 has been taken as a basis figure for each item : 


Bepairs and maintenance 

Power 

Lubiii^tion and miscellaneous 

Wages 

Ilepreciation .... 
Interest on capital . 


Steam. 

Trolley. 

Battery. 

100 

33 

60 

100 

33 

40 

100 

33 

63 

100 

50 

60 

100 

60 

90 

80 

100 

100 


The overall operating costs of the three systems are in the follovfing 
proportion : — 

Steam 100, Electric Battery 60, Electric Trolley 50. 

O0he o^y item in. which steam traction compares favourably with electric 
traction is in capital cost, hut the total annual saving in operating costs is such that 
even with a small system this extra cost; is wiped out in less than two years. 

The figures given above are for small systems where only one locomotive is used. 
On larger systems, however, greater economy would be effected by the use of electric 
traction, as a wimhev of steam locomotiyes can be displaced by a smaUer number 
of dectric locomotives. The proportion varies according to the nature of the 
service. For intermittent service two electric locomotives would do the same 
amount of work as three or four steam locomotives. Where the service is continu- 
ous, one electric locomotive of the trolley lype would be required in place of each 
wo steam locomotives, while, if battery locomotives were employed, one such and 
oiue s|^re battery would be necessary. 

The larger the system the greater becomes the ratio of steam to electric loco- 
moW required for the work, and this difference offsets the higher cost of the 
e ee c ooomoMve. In further consideration of the capital cost, it is important to 
remoter that wh^, with steam work, a spare locomotive would be required, an 
c sys requires only a spare armature. Also, electricity is so generally 
po^poses that the majority of works would only incur a small additional 
y mg ing the necesssary plant for supplying current to the line or charging 
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batierles. In regard to this auxiliary plant, it is well to point out that an 
increased number of locomotives requires only a small increase, if any, in the over- 
head and battery charging plant provided. The overall capital cost per electric 
locomotive is thus reduced -where several locomotives are employed, and the total 
capital cost is little different from that of the requisite number of steam locomotives 
widi tbeir water, coal and repair plant. 

Many locomotives suitable for such industrial service have 
been both designed and constructed for gauges from 18 ins. up to 
5 ft. 6 ins., and of weight from 4 up to 22 tons, some with trolley 
equipment, others with batteries, and yet others again with both 
systems combined. Standard interpole traction motors are used, 
o-eared down for the low speeds mostly required in this class of 
work. 

Projects amb Service. 

875. Data Required for Project Estimates. — In order to 
lay out the general lines of an electric tramway or railway project, 
for the preparation of a preliminary estimate, we must first 
ascertain — 

(a) The length of the route to be traversed; the proposed 
gauge ; the gradients, and length of each ; the curves on 
the route ; the volume of passenger and goods traffic to he 
carried at different times and seasons ; and the frequency 
and speed of the service required to eater for the particular 
traffic to he dealt with. 

From these ' field data ’ the next step is to determine — 

(b) The number of tracks and the number and capacity of the 

car's required, whether tramway cars, rail motor-cars, or 
passenger or goods rolling-stock drawn by locomotives. 
Also the maximum permissible weight per axle; size of 
wheels ; load and structure gauge ; speed limits. 

(c) The system to be used. 

It will then be possible to work out, on the lines of the following 
paragraphs,. 

(d) The maximum and average power required by each car, in 

order that the number, horse-power, and rating of the 
motors may he determined; or, if locomotives are to he 
used, the same particulars for these : ^ 

(e) The maximum power required for the whole project and 

also for each section of it, so that the size of the plant and 
the feeders may be worked out ; and also the average 
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power, on which the total consumption of energy in units 
depends. 

We may assume that the length of road to be served is known 
With a sufficient density of traffic double track is of course prefer- 
able ; with a single-track tramway, turn-outs must be arranged at 
intervals for crossing, and in the case of a single-line railway the 
stations will serve this purpose. The gradient on the line, and 
particularly the maximum ruling or ^ virtual ’ gradient,*' is a most 
important condition of the problem. 

876. Rolling Stock and Service (Tramways). — In the case 
of a tramway, single motor-cars are preferable to motor and trailer 
cars, though the latter are often used where there is sufficient density 
of traffic or where two classes of accommodation are required 
The number of cars required in service upon any particular route 

60 X len gth in miles of round trip or double journey 
~ minutes apart of cars x average speed m.p.h. 

On Indian tramways the average speed is at present very low, 
about 6 or 7 m.p.h., owing to the length and frequency of the stops ; 
in England it is over 8 in.p.h. ; American ‘ inter-urhan ’ lines, similar 
in style and equipment, run at high speed and may average over 
20 nxp.h, having far fewer stops. The service, or number of 
minutes apart of the cars, will vary according to the time of day 
and volume of traffic from about 10 or 15 mins, on outlying sections 
to 1 min. or less in the busiest time of day and at the central parts 
of the system, where cars from a number of routes converge on to 
the same track, f In working out the number of cars, each route or 
section must be taken separately, even though part of it may be 
traversed by cars from other sections. 

877. Rolling Stock and Service (Railways). — In the case of 
railways, where higher speed and carrying capacity are needed, 
either an electric locomotive and train of cars may he used or a 
number of motor-cars may be coupled together and multiple-con- 
trolled from the front car; the latter method is preferably used 
where the gradients are very severe in order to obtain sufficient 


* J.e. omittmg sticii short steeper lengths as 'will be negotiated by the momentum 
of the car or train. 

dThe greater the head’way, the less is the return on the capital spent on the 
trad: ; and the more surely does the motor-bus — ^paying no rates or track rent — oust 
the tram. 
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adhesion (§ 890) and also in rapid-transit suhnrban work, wkere 
this is required on account of the high acceleration used. Although 
in both steam and electric practice a train is often run up short 
gradients by momentum (cf, motor-ears), in cases where the loco 
cannot even maintain the speed of least resistance, there is always 
the possibility of the power supply being cut off an electric line ; 
and the ear or train must in such cases be capable of starting again 
from rest on the ruling grade. Mountain railways combine both 
severe gradients and sharp curves, and in extreme cases a locomo- 
tive working on a rack is necessarily used. Generally speaking, 
locomotives are more suitable for long distance running, and 
multiple-unit trains for suburban lines with high acceleration and 
frequent stops ; for in the latter case again there would be slipping 
at the moment of starting, with destructive results to driving wheels 
and track, if the adhesion were insufScient for the very rapid start 
from rest — or, rather, the acceleration would be limited severely. 
Urban and suburban rapid transit lines also differ from main lines 
in having no slow goods traffic, and in being able to work on a 
perfectly even schedule, which is an essential of such service. 

On railways, where the speed must necessaidly vary a great 
deal, and the stations are at varying distances apart, the locomotives 
or motor-ears required must be determined with reference to the 
time-table to which it is proposed to work on the busiest day, 
or, in the case of a short line, during the busiest hours of the 
busiest day. 

Into the question of time-tables, covering both passenger and 
goods trains — the latter by far the most important from the revenue 
point of view — ^this volume cannot enter ; but it is clear that when 
main lines are electrified both slow goods and fast passenger traffic 
mujst adopt the system. Half steam and half electric working is 
only tolerable during the transition stage, when smoke and cinders 
do their worst on the equipment. 

Power and Eneroy Calculations. 

878. General Considerations, — The fundamental principles 
applicable to calculations of the power required to propel a* vehicle, 
and the total amount of energy used by one or by a system of 
vehicles, are the same whether we are considering a tramway, an 
express or a suburban railway, a road vehicle or a m i n i n g haulage, 
all of which are treated in this and the succeeding chaptera The 
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matter may be treated either from the general point of view of 
elementary mechanics or from the specific outlook of the traction 
engineer, and both methods are here dealt with seriatim, as it is 
believed that both may be nseful according to circumstances. The 
second method, it will be seen (§ 886), assumes that the approxi- 
mate H.P. of the motors is known in advance, and that their 
characteristic curves are available. 

First, these elementary mechanical principles are laid down 
(§§ 880 to 885), illustrated step by step, according to our practice 
in these volumes, by simple progressive examples ; beginning with 
level track and uniform speed, continuing with gradients and ac- 
celerations, and summing up with a general expression applicable 
to aU circumstances. We have taken a single tramcar as the most 
convenient unit for illustrative purposes in each paragraph, showing 
in detail the disposal of the power taken from the line to operate 
it; later, (§ 888) the special supplementary considerations ap- 
plicable to railway traffic are explained and similarly illustrated. 

Next (§ 889) the specifically electrical method of speed- 
time curves is explained, again, with an example based on a single 
tramcar. 

Following on the above, the estimation of energy consumption 
on individual vehicles and systems is dealt with (§§ 888 and 889), 
jfirst as regards railways, and then as to tramways, with examples 
as before- Although in most cases in this country power will in 
future be taken from the public network, the consideration of power 
plants designed ad hoc cannot yet he ignored here, and stOl less 
abroad Various matters mterwoven with the consideration of 
power and energy are brought together in the following section, 
under the heading of ‘ Practical Considerations and Data 

879- Disposal of Power Applied to a Vehicle. — Apart from 
the power lost in the speed reduction gearing and the motor itself, 
the mechanical power delivered by the motor to the wheels of the 
car or locomotive is used : — 

(i) To overcome the resistance of the track, journal friction, 
and air resistance (§ 891). 

This varies with the force and direction of the wind, the nature 
and state of the track, the speed and shape of the stock, and 
whether in a tunnel or not ; the tractive coefficient may be 
expres^d either as a percentage of the total weight of the loaded 
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car or (more usually) in lb. per toiij as kerein. The value may be 
as low as 3 lb. per ton in the case of railway vehicles, at the speed 
of least resistance,^ and without wind, rising to about 21 lb. per 
ton at 50 m.p.h. It will vary from 12 lb. up to 20 or 30 lb. on 
straight lengths of grooved rail tramway track : in mining haul- 
ages, with straight track, a resistance of 67 lb. per ton has been 
measured. The starting resistance is much higher, especially 
when the stop, as in the case of a breakdown, is of considerable 
duration and the lubricated parts have had time to cool down. 
On curves the resistance may be increased to double the above 
figures; in railway practice curve resistance is considered inde- 
pendently of track resistance, but in tramway work this is hardly 
practicable. On 5 ft. 6 in. gauge railways it amounts to about 
0’04 7o of ftie weight per degree of eurvature.f It is usual to 
take 30 lb. per ton as a fair average value for resistance on tram- 
ways, as in the examples that follow; but see § 891. 

(ii) To climb gradients (§ 881). 

(iii) To increase the speed of the car (§ 882). 

On downward slopes and with decreasing speed the last two items 
represent negative power, and in some systems this is returned to 
the line (§ 900) ; ordinarily it is absorbed in brake friction. 

In every case the applied H.P. == ft.-lh. per min. / 33 000 * re- 
sistance overcome x velocity in ft. per sec. / 550 ; so that, given 
the speed, it is required to find the equivalent resistance in lb. 
The sjnnbols used are as follows : — 

IP’ = Weight of loaded car in tons ; but see § 882. 

V = Speed in m.p.h. = 0*682 v.X 
S — Gradient, per cent. 

a == Acceleration ( + or - ) in ft. per sec. per second. 
k = Tractive coefficient expressed in lb. per ton weight of 
loaded car,§ 

* Tkis is very low ; of tiie oirder of 5 

t tlie nnniber of degrees of central angle subtended by a chord of lOO ft. 
The radius of a curve of one degree is then 5 730 ft. and D° — 5 730 / B, where B is 
the radius in feet. Curves are generally expressed in feet radius to centre of track. 

^:The speed in feet per second, v, is 1* 467 V and, reciprocally, V = 0*682 x feet 
per second. 

§ Sometimes the tractive coefficient ft is expressed as a percentage of the weight 
of the loaded vehicle. Then ft == 0*044 7 k and fe = x 2 240 / 100 or 2^4 /a. 
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E — Combined efficiency, expressed as a decimal, Le 
efficiency per cent. / 100 of motors and gearing, 
taking into account losses in regulating resistances 
For tramcars with, single reduction gear E may be 
taken as about 0*75 (equivalent to 75 7o)* 

SSo. Power Required for Uniform Speed on LeveL On 

a level track, at uniform speed, tbe tractive force required in lb. 
P, will be the product of tbe weight of the car and the tractive 
coefficient, i.e. P ^ hW. Then the H.P. at the car wheel rim to 
drive a car at V miles per hour on the level will be — 

H.P. = 2 240 X (h J 2 240) x W x (Y x 5 280 / 60) -r 33 000 

- 0-002 67 hWV, 

Thus if fjL be taken as 1*34 7 oj A == 30 lb. per ton, a ear 

weighing 8 tons, travelling at 8 m.p.h. on the level, will require 
0*002 67 X 30 X 8 X 8 5*1 H.P. at the periphery of the wheel. 

If the efficiency E is 0*75, the power delivered from the line 
to the car will be 5*1 / 0*75 or 6*8 E.H.P. = 5*1 kW. [It will be 
noticed that as 0*75 kW is practically equivalent to 1 H.P., the 
result in kW from the line is also the B.H.P. of the motor on the 
assumed efficiency of 75 ®/q.] 

Looking at the matter from a slightly different point of view, 
the H.P. = 2 irTK f 33 000, where T is the torque in pounds- 
feet on the wheel rim and P == wheel r.p.m. If the car in this 
example has 30-in. wheels, jR = ft. per min. / circumference of 
wheel =*8 x 5 280 x 12 f 60 x 30 x 3*14 = 89*5 r.p.m. 
Assuming it has a single motor only, we have 

5*1 = 2 X 3*14 X T X 89*5/33 000 and T = 300 lb,-ft. 

The radius of a 30-iii. wheel is 1 *25 ft., so the pulFmust he 300 / 1*25 
or 240 lb. 

88i- Power Required on a Gradient* — If the gradient is 
^ /o> ^tie e^ra H.P. required solely to lift a car of given weight 
up that gradient at V m.p.h. is 

H.P.= TTx 2 240 X (/Sy 100) x (Fx 5 280 / 60) 33 000 = 0*06 SWV. 

^ Thus if the ear in the previous example is travelling at a urn- 
form speed of 8 m.p,h. up a gradient of 5 7^ or 1 in 20, the addi-^ 
t%onal power required at the dkr wheels to overcome the gradient 
will be 0*06 x 5 x 8 x 8 = 19*2 HP. This is equivalent to 
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19'2 / 0*75 = 25*6 E.H.P. or 19T kW extra delivered to the car; 
making the total 32*4 E.H.P. or 24*2 kW. 

Combining the expression for level running with that for a 
gradient, the power required at the wheel rims for ascending 
a gradient at uniform speed becomes 

H.P. = 0*06 IFF (0*044 7 fc + S), 
so that in our example we have H.P. =0*06 >c 8 x 8 (1*34 4 - 5) =24*2 
as before. 

Taking into account the efficiency, E, and the fact that the 
gradient may be downward, the power taken from the line at 
uniform speed 

E.H.P. = 0*06 WV (0*044 1 k±S) E, 

On a falling gradient at the same speed, the car will require 

no power other than gravity ; it will in fact develop at the wheel 
rim, the difference between the 19*2 H.P. for the negative gradient 
and 5*1 H.P. for overcoming the resistance of the track, i.e, 
14*1 H.P., which will be disposed of in braking, regenerative 
braking (§ 900), or in speeding up the train. 

882. Power Required for Acceleration. — The difference 
between the final and initial speed divided by the time gives the 
mean acceleration: thus, if a car attains a speed of 10 m.p.h. 
(14*7 ft. per sec.) from rest in 10 secs.,* the mean acceleration is 
1 m.p.h. per sec. or 1*47 ft. per sec. per sec. — abbreviated into 
1*47 ft. per sec.^ ; 8 m.p.h. in i min. = 0*39 ft. per sec.^ and so forth. 
Just as under the acceleration of gravity the distance travelled, 
when starting from rest, is so under any other uniform 

acceleration, a, the distance travelled = The tractive effort 

which will increase the speed of a car at the rate of a ft. per sec.^ 
is the same as that which will overcome a gradient of 3*1 a or 
1 in (32 / (x). Thus at 1 ft. per sec.^ the tractive effort (neglecting 
friction) must he (W x 2 240 x 3*1 x 1 / 100) = 69*5 Ih. per ton, 
and at 1 m.p.h. per sec. 102*1 lb. Therefore the e(nlra H.P. on the 
wheel rims required for acceleration (or absorbed in retardation) is 
H.P. - 0*06 WV X 3T a or 0*186 aWV. 

Taking into account the losses, as before, this becomes 
(0T86 aWF / E), 


* The average acceleration on. electric trains (multiple unit) is about 1*2 in.p.li. 
per sec. as against 0*5 m.p.h. per sec. for steam. 
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where is a decimal, and in this form it is added into the general 
expression given helow for the power delivered to a car. In cal- 
culations of acceleration and deceleration an allowance has to be 
made for the fact that a considerable amount of energy is required 
for speeding up rotating masses, viz. wheels and motor armatures 
This inertia of rotating parts is dealt with in practice by an addi- 
tion to the weight of the car or train, varying from 6 °/ for a 
heavy freight train to 12 % for a rapid transit line. For tram- 
ways the allowance is usually taken as 10 7o» and in our examples 
this must be borne in mind. 

In any moving car a certain amount of energy, or capacity for 
doing work, is stored up, depending on the mass of the car and the 
velocity it has attained at the moment. The stored energy in 
ft.-lb. = where m is the mass (or weight in lb. divided by g\ 

and V is the velocity in ft. per sec. ; this may be expressed as 

Tf X 2 240 K v^ f 2 X 32-2 =- 34*8 W x. v^ or 74-8 W x 

To maintain constant acceleration from rest to velocity v during 
a given time, work must he done at an average rate of (i mv^ J t) 
ft.-lb. per sec. or (74*8 Tf x F^ / t), where t is the given time in 
seconds; the result divided by 550 gives the average H.P. exerted. 
If the acceleration is uniform the actual H.P. exerted from time 
to time increases with the speed."^ Thus, as in the previous 
examples, 

IF 8 tons (effective) f ; then m = 8 x 2 240 / 32-2 =« 556. 

F 8 m.p.h. 

V • 11*7 ft. per sec.; = 138. 

t ■ time required to reach the above speed from rest, say 
30 secs. 

Then ct = (8 — 0) / 30 == 0* 266 m.p.h. per see., if acceleration is 
uniform, or (11-7 - 0) / 30 = 0-39 ft. per sec." Then, by the first 
formula given (line 15 of this paragraph), the 'naxiTnum extra, 
power required for acceleration alone is 

0-186 aWV = 0-186 x 0-39 x 8 x 8 = 4-fi4 H.P. 


•In practice, however, the aceeloratioii is not uniform ; it decreases as the time 
approaches for notching up on the controller. And for simpli city we have assumed 
E also to be oonstot, -whereas it is evidently nil at the moment of starting. 

th’or simplicity, lyhas been kept as 8 tons thronghout these examples,- 
thongh more correctly it should here be Ttq = IF + 10 % as in a later example. 
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The average power input to the train required for effecting this 
acceleration is 

74-8 W 550 x t = 74'8 x 8 x 64 / 550 x 30 - 2*32 H.P. 

If the i min. is divided up into three periods of 10 secs, each, with 
constant acceleration, the speed at the end of 10 secs, will be 3*9 ft. 
per sec. The distance travelled will be aP = 0*39 x 100 J 2 or 
19*5 ft. At the end of 20 secs, the speed will be 7*8 ft. per see. 
and the distance travelled 78 ft. ; at the end of the third second 
the speed will be 11*7 ft. per sec. and the distance 175 ft. Then, 
(using V instead of V) and employing the first rule in the form 
H.P. = 0*127 aWv, we have 

0 — 10 secs. Maxinaum H.P. =0*127 x 0*39 x 8 x 3*9 = 1*54, 
having risen from nil at the beginning of the period. 

10 — W sees. Maximum H.P. =0*127 x 0*89 x 8 x 7*8 = 3*09, 
from 1*54 H.P. 

go — SO secs. Maximum H.P. =0*127 x 0*39 x 8x 11*7 = 4*64, 
from 3*09 H.P. 

Then average H.P, in first 10 secs, is -J x 1*54 = 0*77 
„ „ „ „ second 10 „ „ •^(1*54 + 3*09) = 2*31 

„ „ „ „ third 10 „ „ J(3*09+ 4*64) = 3*86 

This gives a mean value, as before, of 2*32 H.P. 

Actually the mechanical power exerted hy the motor rises steadily 
from the start, when the efficiency is nil, up to the maximum ; 
whereas the power from the line is at the maximum as each fresh 
notch on the controller is actuated, and drops from that point until 
the time comes to notch up again. 

883. Power Station Output Required in Acceleration, — In 
the foregoing paragraph, acceleration has been treated from the 
point of view of the mechanical power required at the wheel rims. 
It is now necessary to consider the special points which arise when 
energy is applied to accelerate a train from rest. 

Power — ^in the engineering sense — ^measures the rate at which 
a force moves a body in the direction of its line of action ; where 
there is no motion, there is no power. Hence the power associated 
with accelerating a train is, at the moment of starting, nil. This 
is shown hy the formula of the previous section for the case of 
F = 0. This is the mechanical power required at the wheel 
YOii. III. 561 36 
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rims, and, if the tractive coefficient k is approximately constant 
it increases (for a given acceleration) with the speed. This is also 
illustrated in the graphs of Fig. 396 below. 

The output required from the power station is, however, an 
entirely different matter. At the moment of starting, and during 
acceleration until a ' running speed ’ is reached, the motors are 
required to give their maximum torque. For this, they require 
maximum current — c/. the ordinary series D.O. motor, where the 
torque is entirely^ a function of the current. But since the line 
*^oIfea^^fs this involves taking maximum power from the line, 

although (as pointed out above) the mechanical power required at 
the wheels is zero at starting and proportionately small at low speeds. 
It is necessary, in fact, to draw full power from the line in order to 
get maximum torque, and then to dissipate nearly all of this power 

,11 

Max. Safe 

V Tv Current 

kW. at Running Speed 


Tra/n Speed 

J’lG- 396. — Energy deraand during acceleration. 

(all at the moment of starting) in resistances, it being impossible to 
use it It is not possible to get torque from the line without power, 
or to use power in the motors without speed. Another way of 
looking at the matter is that the efficiency of the locomotive (includ- 
ing resistances) drops to zero at starting — a remark applicable to all 
maehmery— and gradually improves as the dissipating resistances 
can be cut out with increasing speed. 

Neglecting accidental variations of line voltage, the motor 
current is an index of the kW demand on the power station. Dur- 
ing acceleration the current is kept closely up to the maximum safe 
value, to give the maximum torque. The actual curve of kW de- 
mand at the power station, for one train, is on the lines of that 
shown in Fig. 396, the sudden increases being where sections of 
r^astanee are cut out on the train. It will be seen that the power 
called for from the station is roughly at a constant maximum 
value until a running speed has been obtained, when it gradually 
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Falls off. This is very different from the mechanical power at the 
wheels discussed earlier. 

In the purely illusfcrative examples worked in this chapter, 
simplicity has been maintained by taking a constant line-to~wheel 
efficiency and a constant train resistance. The second of these 
simplifications is in the nature of a useful practical approximation 
for most purposes, hut the first definitely makes the calculations in- 
applicahle to a consideration of the demand on the power-house 
during the earlier stages of acceleration. A further point to note is 
that accelerations have been taken as constant. This will, on the 
average, and neglecting the current peaks, be true during the 
starting period, provided the train resistance is fairly constant, but 
when a running speed has been attained the acceleration gradually 
falls to zero as the speed rises and the motor current drops. 

884. General Expression for Power Required. — Combining 
the equations given above, and taking into account both up and 
down gradients and positive or negative acceleration, the KH.P. 
taken from the line is 

E.H.R - 0-06 WF (0* 044 7 ± >S ± 3*1 a) - E, 

Expressed in kilowatts this becomes 

kW from line = 0* 044 5 IFF (0* 044 7 fe ± ± 3T a) ^ E. 

Thus, if the acceleration is taken as 0*39 ft. per sec,^ as in the 
preceding paragraph, a tramway car weighing 8 tons (effective) 
and travellingat Sm.p.h. (as in the previous examples (§§ 880 and 
881) on the level) will take from the line : 

kW = 0* 044 5 X 8 X 8 [(0* 044 7 x 30) ± 0 ± (3*1 x 0*39)] / 
0*75 = 9*7 kW, viz, 5*1 for level arunning and 4*6 for acceleration. 

On a 5 7o power wifi be 28*8 kW, made up of 5*1 

for level running, 19T for negotiating the gradient and 4*6 for 
acceleration. Should a number of cars be started from rest at the 
same instant, as may sometimes happen after a temporary break- 
down, the momentary total demand on the line and the plant may 
be greatly in excess of the average demand; hut of course the 
total resistance in circuit, coupled with the drop in line pressure 
in these circumstances, sets a definite limit in every case. 

885- Outline of Practical Electrical Methods. — The above 
simple methods of working out the problem from jSrst principles 
may now conveniently he supplemented by the second and more 
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practical way mentioned at the beginning of this section, 
decided on the particulars of the roiling stock and service required, 
the rating of the motors and the demand on the generating plant 
can he calculated. In practice most of this work is done empiric- 
ally, using data based on previous experience for similar cases. 
Thus in D.C. suburban railway work, the size of the motors is 
roughly fixed by the fact that the approximately constant current 
per motor during rheostatic acceleration is usually about equal to 
the one-hour rated current of the motor. In further detail, the 
manufacturer can often select one amongst his existing designs 
which win, perhaps with modifications, give the required charac- 
teristics, and which on a basis of previous experience can he 
expected not to exceed the maximum specified temperature rises m 
actual service. In other eases previous work on existing designs is 
useful in the design of any new type, and provides the necessarj:^ 
information on which to base estimates of performance and heat 
dissipation. 

When the motor characteristics have been worked out, calcula- 
tion of generating and converting plant becomes mainly a matter 
of arithmetic ; the line current taken by all vehicles or trains on 
any section of the system can be found from the train time-tables 
and the current-speed curves (§ 886) and can .be totalled up to give 
the power demanded at the moment from the substations or the 
power-house, as the case may be. In practice this work is carried 
out by means of graphical time-tables. In estimating the peak 
demands, a suitable margin must be allowed for the possibility of 
trains not running to time, and in aU calculations affecting the 
generating station and substations, allowances must be made for 
the various energy losses occurring in the plant and distributing 
system. 

If estimates of energy consumption are required without refer- 
ence to the detailed design of the motors, a figure giving the 
consumption in Wh per ton-mile can be based on actual results for 
work of a simOar nature, where available. Some practical %ures 
in this connection are given further on (§ 887). 

886. Speed-Time Curve Method of Calculation. — Turn now 
to the alternative electrical method of dealing with these traction 
problems, as distinct from the mechanical. As a simple illustration 
d[ the principles involved, some calculations for a single D.C. 
traiBcar on a single run may he given. These principles apply 
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equally to working out the reqmrements of a railway train, hut 
the assumed data — espeeiaEy in the matter of tractive resistance 
(§ 891) — will then be different. Let the ear considered weigh 12 
tons (actual, not equivalent, § 882), and the run be taken as 900 ft. 
between stops, with acceleration and braking rates of 1-6 and I'S 
m.p.h. per second respectively. A. constant tractive resistance 
(§891) of 30 lbs. per ton is again assumed, this being a good 
average figure for tramway work, where the uncertain condition of 
the track and the low speeds justify such an approximation. The 
car is provided with a pair of 40 H.P. motors whose characteristics 
are shown in Fig. 397 (a). Fig. 397 (b) shows these same curves 



Fig. 397. — (o) Characteristiic curves of 
40 H.P., D.C. tramway motor. 

(1) Speed, m.p.li. 

(2) Efiaciency '’/o including gear 

(3) Tractive efiort of oar wheels, lb. 

(4) Horse-power output. 


(6) The same, plotted to speed base. 

(1) Efficiency as before. 

(2) Tractive effort. 

(3) Horse-power output. 

(4) E.E.P, input. 


replotted and has been added to emphasise the manner in which 
the power and torque of a series motor vaiy with speed. 

The calculation of the speed-time curve is carried out step hy 
step in tabular form, as shown in Table 189. Over the constant 
acceleration period, and during coasting and braldng, the problem 
presents no difficulty. Thus in the case considered, the time taken 
to accelerate to 12 m.p.h. is 12 / 1*6 = 7*5 secs., and the distance 
travelled during this time is ^ x 1-6 x 7*5® x 88 / 60 == 66 ft. 
Thereafter the speed range is divided up into appropriate small 
intervab, and the time taken to accelerate over each is worked out. 
The method is to read off from the motor curves the T.B. per motor 
at the mean speed of the range, find from this the total T.E, for all 
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the motors concerned, subtract the total traetire and grade resist- 
ances in order to obtain the net T.E. available for acceleration, and 
thence work out the acceleration itself. This latter calculation can 
be made by means of the formula 

Acceleration (m.p.h. per sec.) = Net T.E. (lb.) / (102 x 
gross weight in tons). 

This statement simply expresses the second law of motion in prac- 
tical units. Bearing in mind the addition to actual weight to allow 
fo^ inertia of rotating parts (supra), the gross weight here is 
12 4- 10 7o and the formula for this particular case 

reduces to 

Acceleration = Net T.E. / 1350. 


Table 189. — Calculation of Speed-Time Curves. 


(1) 

(2) 

(3) 

(4) 

(6) 

(6) 

(7) 

(8) 

(9) 

(10) 
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12-14 

13 

1020 

2 040 

1680 

1*24 

1*62 

1*62 

31 

31 

14-16 

15 

710 

1 420 

1060 

0*786 

2*65 

4*17 

56 

87 

16-18 

17 

630 

1 060 

700 

0*520 

3*85 

8*02 

96 

183 

18-20 

19 

420 

840 

480 

0*355 

5*64 

13*66 

158 

341 

20-22 

21 

320 

640 

280 

0*207 

9*67 

23*33 

298 

639 

22-24 

23 

260 

620 

160 

0*118 

17*00 

40*33 

675 

1214 


The method of making the remaining calculations will be 
obvious from the notes under the numbered column headings. The 
resulting speed-time curve under power is shown in curve 1 of 
Fig. 898. The distance covered in any time is found by taking the 
area under the curve between the desired limits of time and con- 
verting it to feet by means of a factor depending on the scales used. 
For instance, the original of curve 1 on Fig. 398 was plotted to 
scales of 1/10 in. = 1 sec. and 1/10 in. = 2 m.p.h., so that each 
small square of 1/10 in. side represented 2 m.p.h. for 1 sec. or 
1 X 2 X 88 / 60 = 2-94 ft. 

Suppose now the run of 990 ft. between stops is to be made, 
one possible way of accomplishing this would be to run up under 
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power to a speed of just below 22 m.p.b., this process taking 29’5 
secs., and then immediately to apply the brakes, it being aasumed 
that all braking is carried out at 1*5 m,p.h. per sec. as already 
specified. The speed and energy curves of the run carried out in 
this manner are shown on the graph, and it is clearly very un- 
economical from the energy point of view. It is, however, ruled 
out in any case by the fact that it provides no possibility of making 
up time, for which purpose a certain amount of coasting has to be 
included. 

Curve 2 of Fig. 398 shows a second method of car lying out the 
run to meet practical requirements. The minimum time in which 
the distance could be covered with the existing equipment (curve 1) 
is 44 secs. ; in order to provide a margin, this time has been 



Pig. 398. — Speed-time curve of traction motor. 

(1) Speed-time curve for minimum time. 

(2) Actual speed-time curve. 

(3) H.P. output. 

(A) E.H.P. input. 

extended to occupy 50 secs, by the introduction of a coasting period. 
The area under this curve 2 is naturally the same as that under 
curve 1, representing the 900 ft. travelled. In selecting the 
moment to begin coasting, in order to complete the run in any 
given time, trial and error must be used. 

The energy output from the motors during the later part of the 
run can now be filled in from the motor characteristic curves and 
doubling, since there are two motoiis per car. The input over the 
‘ running range,’ after the resistances have been cut out, is similarly 
obtained, hut over the period of acceleration on the rheostats the 
motor input bears no direct relation to the output and the con- 
ditions are special . In order to make the best use of the available 
motor power, the current per motor during this period is controlled 
to a constant value, resulting in constant tractive effort from the 
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motors* and therefore constant acceleration. Since the T.E is 
constant it follows that the H.P. output varies nnif ormly f rom zero 
at starting, up to its full parallel value. On the other hand, since 
the current is constant and is drawn from a (nominally) constant 
voltage line, it follows that the power input to the motors is con- 
stant. This involves considerable waste of power, which is inherent 
in the method of control, since full power is of necessity drawn 
from the line the whole time merely in order to provide torque in 
the motors, this torque representing, when the speed is low 
a correspondingly small power return on the output side. The 
balance of the energy input which cannot be used by the motors 
has to be dissipated in the rheostats. Some of this waste is saved 
by series-parallel control, which halves the line current while 
retaining the same current per motor during the first half of the 
starting period. The current or power input during the rheostatic 
acceleration period with series-parallel control can therefore he 
approximately represented by the stepped straight line in curve 4 
of Fig. 398. 

In detail, the input curve does not take the shape of a pair of 
smooth straight lines as shown, owing to the fact that the starting 
resistance is cut out in a number of definite steps ; the lines are 
saw-toothed (Fig. 396), a small peak occurring each time a fresh 
notch is made on the controller or by the automatic accelerating relay, 
and the current then dying away until the next notch is obtained. 
The straight lines shown represent average values, and are close 
enough to the facts for the purposes of the present discussion. 

The quantities to be found from the graphs are the total energy 
consumption for the run and the peak demand due to the car. 
The latter has already been shown to occur during the period of 
constant acceleration with the motors in parallel, and is seen from 
the graph to be 80 H.P. or 71 kW. This figure can be calculated 
to an accuracy of i 7^ by multiplying the gross T.E. in lb., by the 
speed at which full parallel notch is obtained, in m.p.h., and divid- 
ing by five times the efficiency per cent., giving in the case under 
discussion 2 500 x 12/(5 x 84) or, to the accuracy stated, 71 kW. 
The peak output required from the substations, and that finally 
called for from the generating plant, exceed this figure by the 


The T.E. produced by a series motor depends solely on the current, except 
"wfeoM tapped shunted field ooutiol is employed. 
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amount of the intermediate losses, depending on the layout of the 
Rystem. The total energy input is given by the area under the 
power input cui’ve, and amounts in this case to 0*23 kWh."*^ Here 
again, losses must he allowed for w^hen computing the energy to be 
generated and converted. 

To complete this example, it may he noted that as a distance 
of 900 ft. is covered in 50 secs., the average running speed is 
900 X 60 / 50 X 88 = 12^ m.p.h. With stops of 10 secs, the 
schedule speed would be 50/60 x T2^ or 10| m.p.h. The total 
energy input is 230 Wh and the ton-miles are 12 x 900 / 5 280== 
1*9, giving 230 / 1*9 or 121 Wh per ton-mile. Incidental delays 
increase the energy consumption both by necessitating extra starts 
(with their consequent losses in the startmg resistances) and hy 
the necessity of making up time later, and hence running a greater 
distance under power instead of coasting. The skill and care of 
the driver iu the use of his controller counts for still more ; it will 
be realised that the curves represent an ideal case, and that allow- 
ance must he made for this in practice. 

The remarks and examples in the above paragraphs apply 
specifically to D.C. traction, hut a good deal applies to any system. 
The most formidable rival of the D.O. system is the A.C. single- 
phase, using series-type motors whose characteristics are somewhat 
similar to those of the D.C. series machine. The difference in 
operation is that reduced volts can be supplied to the motors for 
starting, hy means of the transformer carried on the train, thus 
doing away with the loss in rheostats. The 3-phase induction 
motor has on the contrary a shunt characteristic, and has to be 
accelerated up to a practically definite maximum speed — subject to 
the possibility of providing more than one running speed hy means 
of a pole-changing device. 

887. Energy Required per Ton-Mile. — The energy used per 
ton-mile under constant speed conditions is shown in the curves 
of Fig. 399, p. 572, based on the same data. These are more 
or less directly applicable to non-stop runs, where the energy 
required for acceleration is a negligible proportion of the whole. 
Under these conditions the curves show that the watt-hours per 
ton-mile vary as follows : — 


* N’eajcly half of this energy is required for aocelerating up to 12 i£i.p.h. and 
about one-sixth, of it is dissipated in the rheostats. 

569 



887 ELECTBICAL ENGINEERING PRACTICE 


Level track, speed 10 to 60 from 15 to 60 Whper ton-mile. 

1 7o grade „ 10 ,, 60 „ „ 70 „ 120 „ 

2 % „ „ 10 „ 50 „ „ 140 „ 165 

3 7, „ „ 10 „ 40 „ „ 180 „ 215 

4 7, „ , 10 „ 30 „ „ 240 „ 260 „ 

5 7, „ „ 10 „ 30 „ „ 300 „ 320 

(10 X ,, at 10 m.p.h, 540.) 

On such, a run on a main line there would in any case be no 
regenerative braking during the run, but simply coasting down 
the very mild gradients found in this country. On a round trip 
the energy saved in coasting one way would go far towards 
balancing the extra energy required for ascending the grades on 
the return trip. Assuming an average speed of about 40 
the energy consumption would he about that required for this 
speed on the level — say from 40 to 45 Wh per ton-mile. This 
estimate may be too generous — a good fault in project estimates — 
as few tidal data are available. Some years ago Mr. Hobart gave 
estimates for a hypothetical non-stop run of 100 miles in 2 hours, 
with a 766-ton train, which worked out to only 22 Wh per long- 
ton-mile. 

For high-speed rvuns over short distances, with rapid accelera- 
tion and frequent stops,* a separate and purposely extreme example 
may be worked out. Assume a multiple-imit train, with stops 
every half mile, running on a level rapid-transit line with a 
maximum speed of 40 m.p.h. (== 58*8 ft. -sec.), and without 
regenerative braking. With the acceleration usually found on 
such lines, of (say) IJ m.p.h. per sec. or 1*84 ft. -sec. considered as 
uniform from the start up to the maximum speed, the time taken over 
acceleration will be 58*8 - 0 / 1*84 = 32 secs. Then the distance 
travelled (| 882) will he ^ = 1*84 x 32^ / 2 or 940 ft. out of 

the total 2 640 ft. The extra power required for acceleration only 
(Log. ciL) is kW = *044 5 WV x 3*1 a f E. Taking Tf = 1 ; 
a ~ 1*84: and E =0*8, this becomes kW = 0*318 V, or, adding 
10 7o for rotational energy (Log, cit.) kW = 0*35 V. Then the 
average* power required will be ^ x 0*35 x 40 = 7 kW, and the 
energy input will he 32 x 1 000 x 7 J S 600 or 62 Wh. 

This may be found by an alternative method, which may 

energy consumption of such, suburban trains is fully treated on novel 
lines, by M. G. Say and Prof. Parker Smith in World Power, Aug. 1928, p. 123. 
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usefully be added here. The energy stared in a 1-ton train afc 
40 m.p.h. (58^8 ft. -sec.) - 2 240 x oS’S^ / 64*4 = 120 000 ft.-lb. 
As 1 ft.-lh. per hour, acting for one hour -= 0*000 376 IVh, the 
energy == 120 000 x *000 376 = 45*1 Wh, Adding 10 °/^ for 
rotational energy, or 4*5 Wh, the total comes to 49*6 Wh. then 
the energy input to the train will, at 80 % efficiency, be 49*6 / 0*80 
= 62 Wh as before. 

Continuing the example, at 40 m.p.h. the curves in Fig. 399 
show that about 1*8 kW per ton is required for maintaining the 


Table 190. — Traffic and Energy Data, 1927 ; Southern 

Railway. 



Western Section 
with Waterloo 
and City. 

F 

Central. 

I 

Eastern. 

Train-miles, loswied and empty 

5 433 828 

2 354 796 

5 347 691 

Car-miles 

28 310 577 

13 874 439 

27 523 329 

Average car-miles per fcrain-mile 

5*2 

5*8 

51 

Cost of wording, viz. : energy, per- 
manent way, conductor rails, 




vehicles and guards . 

;£347 118 

£287 920 

£433 190 

Cost per train-mile .... 

15*33d. 

i 29-34d. 

19*44d. 

„ car-mile .... 

2-94d. 

4*98d. 

3-78d. 

kWh used for traction 

57 921 291 

37 083 336 

63 170 706 

„ „ per train-mile 

10-74 

15*75 

11*81 

„ „ „ car-mile . 

2-06 

2-67 

2*30 

Cost of generation or purchase 
and distribution of power for | 




traction ..... 

£14:9 313 

£126 133 

£224 550 

Cost of per train-mile 

6-66d. 

12'S6d. 

lO'OSd. 

„ „ car-mile 

l-28d. 

2*18a. 

l-96d. 


steady speed. But as it would require about the same distance in 
which to bring the train to rest as to bring it up to speed — the two 
amounting to say 1 800 ft. out of 2 640, the train would merely 
coast the middle stretch. So the energy used is 62 Wh for 1 ton 
for half a mile, or 124 Wh per ton-mile. This is, of course, Tery 
high, Because such a speed as 40 m.p.h. would be uneconomical on 
such a short run. 

On the Northern Italian Railways* the average energy pur- 
chased or specially generated per ton-mile, for purely traction 
purposes, measured at the delivery point, is 29 Wh. The high^t 


Elm. Bev,, YoL 102, p. 495. 
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figure is 55 Wh on tiie Milan-Varese section, where acceleration 
is high and much power is used for heating ; varying from 45 Wh 
in July to 78 Wh in January in consequence. 

From a paper by E, C. Cox, read before the Institute of 
Transport,* the following traffic and energy data of the Southern 
Railway (Table 190) are taken. 



888. Power and Ener^ Consumption on Railways.-™The 

progressive examples in the preceding paragraphs are based on a 
single 8-ton tramear on grooved rails, but the formulae are equally 
applicable to a heavy train drawn at high speed by a locomotive. 
In this case, however, the tractive resistance will be different and 
indefinite (owing to clean track), as noted in § 891 At 
high speeds, wind resistance ceases to be negligible, and at extreme 


EUc. Bev,, Vol, 102, p. 681. 
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speeds it becomes predominant, as was found on the Berlin-Zossen 
line. 

Using fair average values of track resistance, and an efficiency 
from line to wheel rim of 80 % (which could in favourable cases 
be increased to 85 7o)7 curves in Fig. 399 may safely be used 
for project purposes. They give the power in kW required per ton 
from the line at various steady speeds and on various gradients, 
assuming a straight track and no other windage than that due to 
the motion. From these curves the approximate power required 
for a train of any given weight can be read off 

Examples . — Consider a train weighing 300 tons and drawn by 
an electric locomotive at 30 m.p.h. on a straight road. Then, on 
level track, the lowest curve shows the power required to he 1*04 
kW per ton, or 312 kW in all ; while on a 3 % gradient it will be 
6*04 kW or 1812 kW in all. 

Or, again, as an extreme case, take a train of 100 tons weight 
travelling at 10 nnp.h. up a 10 7o grade on a mountain railway ; 
the power required will be 5*7 kW per ton or 570 kW all told. 
In this ease, however, the question of adhesion (§ 890) comes in, 
and a locomotive might have to give way to a multiple unit train 
in order to obviate slipping. 

889. Power and Ener^ Consumption on Tramways, — 

Dealing with tramway systems, Dawson gives the data shown 
in Table 191 : — 


Table 191. — Approximate Indicated Horse-Power Required 
per Tramway Gar at a Tramway Power Station. 


Gars. 


I.H.P. per car. 

Cars. 


per car. 
20 

1-5 

, 

35 

15-25 


5-10 

. 

30 

25-50 


15 

10-15 

• 

25 





Taking into account the losses in engine, generator, and lines, a 
maximum demand on the generating station of 9 kW per tram- 
way car will not he far wrong on fairly large systems (30 or 40 
cars), and this may run up to 20 kW on small systems; of course 
spare plant is necessary in a power-house confined to the system, 
over and above this. A single tramcar at ordinary schedule 
speeds of about 7-J- m.p.h. on a moderately good road is generally 
reckoned to use about 2 kWh per mile, which is equivalent to an 
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average demand of 15 kW oi 20 E.H.P. from the line. For 
general purposes it is more useful to assume that from 120 to 150 
Wh. will be required per ton-mile, according to circumstances for 

any tramcar and at any ordinary speed (On railways see 

paragraph 888 — the consumption is much lower.) 

Figures published by the Ministry of Transport (1^33) show an 
average consumption of 2*27 kWh per car-mile for tramways and 
1*68 kWh per ear-mile for trackless trolley buses. 

PRACTIGAn CoiSrSIDERATIONS AND DaTA. 

890. Adhesion, — The familiar sight of a main-line steam 
locomotive trying to start a heavy train, while only succeeding in 
skidding the driving wheels, is due to insufficient adhesion between 
tyres and rails, aggravated by the uneven nature of the torque 
which is a feature of all reciprocating engines, especially those 
with a small number of cylinders. The perfectly even torque of 
an electric motor (other than a single-phase A.C. motor) and the 
possibility of having (in effect) several locomotives per train by the 
use of multiple-unit stock, goes far towards overcoming this troubla 
In the important department of braking, where considerations both 
of safety and economy demand it, the principle of making full use 
of the total weight of the train for adhesion has been carried to 
the limit, and while all vehicles of a passenger train are invariably 
power-braked, the same practice is rapidly becoming standard in goods 
service. The saving in wear and tear of rails and wheels is substantial 
on electric lines using electric braking. In all cases the weight on 
each driving (or braking) wheel should be five or six times the 
greatest tractive or retarding effort which its rim has to exert 
on the rail; otherwise there is a danger of the wheels slipping. 
Where the gradients are very steep an even higher ratio may he 
advisable, as the possibility of a car running backwards downhill, 
or failing to answer to the brakes when running down, must be 
taken into account. If the rails are greasy and the wheels once 
start slipping the adhesion may practically disappear, in which case 
braking becomes ineffective and the ear passes out of controL From 
various sources the foUowing ratios are found for the adhesive force 

or tractive coefficient = ?eight on driving wheels 

total tractive effort 
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NonnaL Sanded. 

Greasy moist rail 8-15 “/o 25 7o 

Wet rail . 15-20 % 25-30 Vo 

Dry clean rail 20-28 28 % ° 

For example, tlie question arose as to whether locomotives, motor 
coaches with trailers, or motor coaches only should be used on 
a narrow gauge hill railway having long gradients of 8 7o (§ 019). 
In the first instance there would have been 4?2 tons (94 000 lb.) on 
the driving wheels of the locomotive, the weight of the loaded train 
being 8*7 tons. The tractive efifort for an 8 7o gradient would then 
be 87 X 2 240 x 8 / 100 = 15 600 lb. Adding tractive effort for 
friction at 15 lb. per ton, 1 300 lb., brings the total to 16 900 Ib. 
The ratio in this case was 94 000 / 16 900 / or 5|-, and in view of the 
great risks involved this was considered altogether insufficient. In 
the case of a train of similar carrying capacity made up of two motor 
coaches of 29 tons each and two trailers of 15 tons each, or 88 tons in 
all, the weight on the drivers was 130 000 Ih. ; tractive effort for 
gradient 8 % of 88 tons or 15 750 lb. and for friction 1 300 lb., 
total 17 050 lb. ; tractive coefiicient 130 000 / 17 050 = 7^. With 
a lightly loaded train this factor would be reduced considerably, 
and with a slippery rail it was considered possible that trouble 
might be experienced in case it should prove necessary to start on 
the steep gradient, an unlikely hut not impossible contingency. 
Using motor coaches only, the whole weight of the train would be on 
the driving wheels, and the coefficient would be about 11 under the 
same conditions. This example - shows that, whilst depending on 
adhesion only, motor coaches and multiple unit trains of such coaches 
with no trailers can easily climb gradients which would be out of 
the question for locomotives (whether steam or electric) unless 
working on a rack. 

891- Tractive Resistance. — In the tramway examples taken 
above, a constant tractive resistance of 30 lb. per ton was assumed 
throughout the run. For such a case this assumption is justified 
by the uncertain and variable condition of the track and hy the 
lowness of the speeds. In high-speed railway working, however, 
no such approximation can be allowed, and the resistance to steady 
motion on the level will vary with the speed according to a fairly 
definite curve. The difficulty is to forecast what this curve will be, 
with any particular stock, since sufficient experimental work has 
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not teen carried out to enable the effects of the multitude of 
variables involved to be separated from one another with certainty 
From tests on the Lancashire and Yorkshire Railway, Aspinafl* 
gives the following formula for finding the specific resistance to 
motion per ton of dead-weight, which we have called k above; 

h - 2-5 / (50-8 4- 0‘ 0278 L)} 

for trains hauled by locomotives on straight level track in Great 
Britain. In this formula Y is the speed in m.p.h. and L is the 
length of the train over coach bodies in feet. 

892- Special Points in the Desig-n of Distribution System 
and Protection. — From the point of view of conversion and dis» 
tribution, a traction load has peculiarities which difierentiate it 
sharply from industrial supply ; it is used to maintain continuously 
alive a great length of uninsulated conductor exposed, from the 
nature of the case, to exceptional risks of mechanical damage and 
short-circuit; and it has to meet a very irregular demand for 
power from vehicles containing a great deal of gear packed into 
the minimum of space, providing a second happy hunting ground 
for faults. Hence it is not surprising that by comparison with 
other loads traction service is very severe, and abounds in oppor- 
tunities for the plant and protective devices to indicate their fitness 
and robustness — or the reverse, f 

Apart from the strain on the gear under the resultiag con- 
ditions, it becomes a matter of difliculty to obtain reliable discrimin- 
ation between faults and abnormal loads due to trains. The 
maximum voltage drop in railway practice is, for reasons of 
economy and on account of the comparative insensitiveness of the 
motors, many times larger than could be allowed in ordinary 
public supply (§ 489, Yol, 2), so that the ratio between short-circuit 
current on a distant fault and normal peak load current is much 
l^s in the former case. Where conditions are such that a single 
feeder may only be supplying power to one or two trains, any 
slight abnormality in running may throw a considerable short peak 
on the circuit, and it is clearly undesirable that in such a case the 
circuit-breakers should operate. A high enough setting to secure 


* Proc. iTut, C,E., VoL 147, p. 155. 

t A partLcuIar case may be cited, where a broken collector shoe on a suburban 
tli^-radl system provided over fifteen, short-circuits from third rail to running 
raO on one feeder, aU within half an hour. 
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this result may, however, make the breaker operation uncertain in 
the case of remote faults. Consequently the actual setting is in the 
nature of a compromise, it being generally impassible to set the 
breakers so as to confine trippings entirely to fault conditions. 
The fact of a single feeder being off load for a minute or so does 
not in any case cause appreciable delay in the service, since the 
load is taken by the substation at the other end of the section. 

893- Capacity of Generating* Station and Substations.— 
Having obtained the data giving the power required by any car or 
train on the system in any circumstances, the calculation of gener- 
ating plant capacity becomes, as already stated, merely a matter of 
arithmetic. By adding together the power taken by all cars or 
trains at any moment, and making allowance for the transmission, 
conversion and distribution losses, the load on the generating 
station is obtained for that moment ; and, by reference to the time- 
tables, a complete load curve can be worked out covering the 24 
hours. The chief uncertainty arises over the fact that, when delays 
occur, the normal time-table is upset and an abnormal peak may 
arise due to an unusual number of vehicles accelerating simul- 
taneously. Especially is this the case after a shut-down affecting 
any large proportion of the system, and a margin must be allowed 
# accordingly. 

These remarks apply, mutatis mutandis, to the substations 
also, but the diversity factor of the load will here in general be 
worse, owing to the smaller number of coaches supplied. It is 
important to realise the degree of fluctuation that may occur in the 
load of a railway substation, apart from the frequent short-circuits ; 
the load on rotary converter units is never steady, but will vary 
from practically zero to well over full load and back again within 
the minute. Thus plant for this work must he designed for very 
large overloads; or, to put it the other way, the machine is 
designed to stand the peaks, while the efficiency is then kept as 
high as possible at low outputs. 

894, Comparison of Steam and Electric Working* in 
Heavy Railway Electrification. — ^In a paper read before the 
American Institute of Electrical Engineers some years ago, Mr. 
Hobart compared steam and electric locomotives for heavy main- 
line express service. 

His calculations showed, for a steam locomotim, an efficiency 
from coal to crank-pin of 4*4 and from coal to draw-bar 3*53 7o* 
voii. III, 577 
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The fuel used for steaming up, and wasted at the end of the 
journey, reduced the net eflSeiency further to 2-65 7o> ©q^iivalent 
to a fuel consumption of 6*86 Ih. per draw-bar H.P.-hr. 

For the eleotric locomotive he similarly obtained an overall 
efficiency from coal pile to outgoing cables of 11 7o- Taking into 
account the various losses — ^generating, transforming, substations, 
machines, transmission to train, and train equipment — the overall 
efficiency from coal pile to driving wheels will be 

I’or dense service, 0*061 or 6-1 7 q* 

„ * sparse express,’ 0*066 or 6*6 7o‘ 

The coal consumption was estimated to be 47 of that re- 
quired for steam working. With denser traffic and more stofK 
electricity would have a still greater advantage over steam. 
Furthermore, fuel could be delivered at a cheaper rate at the 
power-house than on the tender, and a cheaper grade of fuel could 
he used, so the ratio of fuel costs would he about 3 to 1. In a 
paper read before the I.E.E. {Jowt., Vol. 52, p. 299), Mr. R. T. 
Smith similarly remarks that ' the cost of coal burnt in a large 
modern generating station producing electricity for hauling trains 
by an electric locomotive is less than half the cost for doing the 
same work in a steam locomotive/ 

{For Bihliograjphy^ see § 934 end of Chapter 35, and § 955 at 
end of Chapter 36.) 
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ELECTRIC TRACTION ; EQUIPMENT AND WORKING. 

Vehicle Equipment foe Motive Power. 

895. Tramway Motors and Rating- ; Gearing and Control. 

— (For motors and their characteristics generally see Chapters 28, 
29.) Much higher acceleration is possible with electric motors 
than with steam engines on account of the possibility of using a 
number of motor coaches on one train, all controlled from one 
point (multiple-unit control), and thus getting the benefit of in- 
creased weight on driving wheels to cope with the high accelera- 
tion demanded ; this in fact is their chief claim in connection 
with suburban or urban rapid-transit railways, and a valuable 
asset on tramways. Their uniform torque is also of great value 
compared with that of steam engines. It will he seen from 
Chapter 34 that the load on a traction motor is very variable, 
according to the conditions of road and speed, and it is also inter- 
mittent ; even apart from actual stops, no power is taken from 
the line when coasting or when running downhill, while at start- 
ing and during acceleration there is a great demand for power. 

Tramway motors are therefore always rated for intermittent 
(one-hour) working (§ 136). They are ventilated hut enclosed 
motors, as otherwise mud and water would soon destroy them. 
To keep the weight down it is usual to employ fairly high-speed 
motors with single- or occasionally douhle-reduction spur gearing. 
On modem tramways the car wheels are usually 27 in. diam., 
though wheels from 24 to 33 in. may be found ; the gear ratio may 
vary from 3*5 to 1 up to 5*5 to 1. If is the gear ratio, the 
diam. of the wheel in inches, V the speed in mp.h., and R the 
motor np.m., 

V « 0*002 98 dB/ 7b and B - 336 Fu / d. 

In this country D.C. is invariably used for tramways, and the 
general practice is to use 500-V series-wound, interpole motors 
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(§ 676). In order to get inereased. power and adhesion and the 
benefit of series-parallel regulation (§ 452), two motors are used on 
two pairs of driving wheels ; they may be of any size from about 
10 B.H.P. upwards, according to the average power they will have 
to exert, as determined above (§ 879 et seg.). The following table 
gives the approximate full-load efficiency of 600-V tramway motors; 
but the losses of gearing, etc., are not included : — 

Table 192. — Full-load Efficiency of 500-V Tramway Motors. 

Output B.H.P. . 10 20 30 40 60 80 100 

EfS-ciency per cent. 80 81 83 84 86 87 88 

required 18-7 36-9 54-0 71-0 104-0 137-5 170-0 

There are two running speeds : slow with the motors in series at 
starting, and full when in parallel later. Intermediate regulation, 
while starting and accelerating, is obtained by starting resistances 
(§ 718) temporarily in series with the motors. The changing of the 
connections is effected by the controller, which is also used to 
fwtuate the emergency brake (§ 899). In some cases the highest 
Ainnin g speed is obtained by diverting some of the current from the 
field magnet coils, by means of a shnnt ; this, by lowering the back 
E.M.F. produced by the motors, lets in a greatly increased armature 
current, which causes the motors to accelerate until (neglecting 
alterations in losses) the increase in speed balances the decrease in 
field and the motors produce the same back E.M.F. as they did 
before (§ 669). 

B.S. Specification 'No. 173 (1928) deals with the ‘Electrical 
Performance of Direct-Current, Series-Wound Traction Motors.’ 
Definitions are given of types of enclosure; the continuous and 
nominal one-hour (intermittent or ‘short-time’) ratings are defined; 
the permissible temperature rise, commutation, efficiency and test- 
ing of such motors are dealt with. A classification of insulating 
materials and det 3 ails of temperature measurement are added. The 
specification keeps closely in line with the ‘Rules for Traction 
Motors’ of the American I.E.E. The British Standard Eating is 
a nominal one, the temperature rises specified afibrding a basis of 
comparison between motors of similar construction. 

896 . Railway Motors. — iSee also Chapters 28, 29.) The 
battle of the systems as regards D.C. and A.C. motors for electric 
railways has as yet hardly been joined. So far, in Great Britain, 
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electrification is confined to rapid-transit urban and suburban lines, 
and for these D.C, has been used except in the case of one section 
of the Southern Railway; where, however, the original single- 
phase A.C. system is now being replaced by D.C. so as to obtain 
uniformity and interchangeability, rather than on the merits of the 
two systems. On a railway track, limitations of pressure, such as 
are necessary on tramways, are redundant with overhead railway 
work and can he relaxed for third-rail work, though it is inadvis- 
able to go heyond a certain point on the motors themselves ; a 
pressure of 1 500 Y on the line is often used and 3 OOO V is coming 
in. The very high acceleration possible is one of the main ad- 
vantages of electric working, but it involves a great draught of 
power (§§ 882 and 883) and therefore a very heavy current unless 
high pressure is used. According to the service required, either 
gearing may be employed for comparatively slow speed goods 
trains); or the motors may be mounted directly on the driving 
axles ; or, again, the motors may be mounted on the loco frame 
and transmit their power by means of cranks and connecting rods, 
etc., after the manner of steam engines. Tor high-speed, main- 
line work the latter method is likely to become standard practice, 
though it involves comparatively slow speed and therefore heavy 
motors and reciprocating parts. The rating — whether continuous 
or intermittent (§ 670) — is arbitrary, and will depend entirely 
on the service ; for non-stop trains the rating must obviously be 
continuous. 

JO. (7. Traction Motors . — For D.C. working, the interpole series- 
wound motor (§ 676) is almost invariably used, modified in some 
cases to render it suitable for regenerative braking (§§ 715, 900). 
The various classes of service necessitate great flexibility in speed 
control, and the following extract is of interest : — 

The mdely vaiying speed chajacteristics of these services render it necessary 
to give very cajceful consideration to the motor characteristics and gear ratio, and 
the author would suggest that the attaimnent of a more flexible speed characteristic 
of the motor, either by partially shunting the series field of the t ordinary series 
motor as has been suggested, or by some other means such, as separate field control, 
is very desirable. The former method has been to some extent used, but the latter 
does not appear to have received the attention from designers which in the opinion 
of the author it deserves. (H. W. Firth, Jour. I.JS.E., Yol. 52, 609.) 

A.O. Traction Motors . — Either single-phase or polyphase 
motors may be used for A.C. railway work, and each has its own 
merits and demerits. It will be seen elsewhere (§ 408) that while 
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50 cycles is the British Staadard frequency, lowerTfreqnencies are 
generally preferable for traction work, and a subsidiary standard 
of 25 cycles is admitted The majority of lines in America use 
25 cycles, while in Scandinavia 16f cycles has been adopted. In 
this country, in the future, supply will generally be obtained from 
the general network of the country, and, if a frequency other 
than 50 is used on the line, frequency changers (§ 390) of some 
sort will be necessary in the substations. 

Single-Phase Traction Motors . — For single-phase A.C. work- 
ing, either the compensated series (§ 700), or the compensated 
repulsion (§ 7 08) type is generally used, single-phase induction 
motors as ordinarily designed having insufficient torque for this 
service. Of these the former, as already mentioned, is used on 
some American street railways where D.C. is employed on the 
urban and AC. on the outlying parts of the route, the series 
motor working equally well on either. In place of the two run- 
ning speeds * of the D.C. series-parallel system, any number of 
speeds can be obtained by transformer tappings with, this system, 
thus varying the pressure applied to the motor. Series repulsion 
motors, and the special designs of Latour and Ddri (§ 702) have 
also been used. All these have practically a D.C. armature and 
commutator with a laminated field of special design. They aH 
possess a variable speed-torque characteristic somewhat similar to 
that of a D.C. series motor. 

Single-phase induction motors have been comparatively little 
used for traction, owing — as stated above — to insufficient torque; 
but it is stated that the General Electric Co. has developed a higt- 
torque, squirrel-cage motor which, with auto-transformer starting, 
will give full starting torque when taking about twice the full-load 
current. 

Polyphase Traction Motors . — With the 3-phase system on 
the line, 8-phase induction motors (§ 683) with constant speed 
characteristics are used ; and, where two such are fitted on 
a vehicle, half-speed can be obtained by connecting them in cascade 
(§ 694) ; i.e. the rotor current of the first is passed through the 
stator winding of the second motor. Alternatively, or addition- 
ally, extra running speeds can be obtained by altering the number 


* Running speeds as distinguished from temporary positions of the controller 
when reskfeance, not designed for more than temporary service, is in circuit. 


582 



ELECTRIC TRACTION 


§•^97 

of effective poles, by means of special windings. Either two or 
four speeds can be obtained in this way ; for two speeds, phase- 
wound rotors and slip-rings are used, with resistances in the 
rotor circuit for starting, while for four speeds, squirrel-cage rotors 
and reduced-pressure starting are necessary. Owmg to their fiat 
speed characteristics induction motors cannot be used for multiple- 
unit working, since any irregularity, such as a slight difference in 
driving-wheel diameter, would cause very uneven distribution of 
the load between motors. 

With polyphase motors regenerative control and braking 
(§§ 715, 900) can be, and generally is, used; but the disadvantage 
of requiring three instead of only two conductors is a serious one, 
especially at crossing and meeting points. 

897. Control of Direct Current Railway Motors. — Where 
a single D.C. locomotive of moderate power is in question, the 
function of the controller is much the same as in a tramcar, except 
that very much heavier currents have to be dealt with. Conse- 
quently it is usual to arrange for the operation of the main con- 
troller to be effected by power from the line through the medium 
of an easily manipulated handle and dial showing the various 
positions. As the locomotive increases in size and power, the main 
controller becomes more complicated and its performance in break- 
ing heavy currents more exacting, but the operating controller 
remains simple. In all cases should the driver let go for any 
reason, the knob on the top of the handle rises and the circuit is 
opened automatically, and the brakes are applied ; hence the name, 
the ‘dead man’s handle ’ (see further details, §§ 741, 918). 

In multvple--n/mt D.C. trains each motor coach is complete 
in itself, with its pair of motors (or two pairs) and its main con- 
troller (which may be placed down by the motors and out of the 
way) and its operating or ‘ master’ controller in the driver’s cabin. 
Any number of such coaches may be coupled together to form 
a ‘unit,’ the train being made up of so many units as will suit 
the state of the traffic. An electric control -circuit runs through 
the whole train, from coach to coach, leading to the parallel 
master controllers in each driver’s compartment. Whichever of 
th^ is for the time being in front is used, iJie rest being locked 
out of action. The function of the master controller is to opierate 
all the separate main controllers electrically or electro-pnenmati- 
cally, and simultaneously, from the driver’s seat. The operation 
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of starting up is generally automatic, each successive step from 
series plus resistance up to full parallel taking place at a predeter- 
mined current. The actual making and breaking of the main 
circuit is done by quick-break contactors, operated by power— 
electro-magnetic or electro-pneumatic as the case may be — the 
pneumatic method being the most favoured. A powerful magnetic 
blow-out is provided on the main circuit-breakers and usually 
for the current-breaking contactors also. If the master-controller 
handle is released, from accident or any other cause, the current is 
cut off and the brakes are applied (see § 921 ; see also Regenerative 
Braking, §§ 715, 900). 

898. Control of Alternating Current Railway Motors.— 

Single-Phase. — The usual method of control for single-phase A.G. 
commutator motors is to vary the voltage at the main car trans- 
former, which is arranged with as many tappings as are required — 
from 3 up to 12 according to the weight of the vehicle or train. 
An auto-transformer is so coupled into the circuit as to prevent 
open circuit occurring during the transition from one voltage to 
another. 

With repulsion motors, a brush-shifting device is employed to 
vary the speed, with constant excitation on the stator. 

Pohiphase. — hs already stated (§ 896), the cascade coupling of 
two 8-phase motors gives half the fixed speed of the motors in- 
dividually or in parallel, and the number of poles may also be 
changed to vary the speed. Resistances in the rotor circuit are 
also used for starting phase-wound machines, whether the other 
devices are used or not. 

For squirrel-cage rotors, an auto-transformer is used for start- 
ing, sufficient tappings being provided to ensure even acceleration. 

899- Braking and Brakes. — As the speed and weight of 
electric vehicles increases, the question of brakes becomes ever more 
important ; and, while the general principles are the same in all 
eases the application of those principles differs greatly according to 
the type of vehicle. Braking produces negative acceleration and, 
as shown in | 882, the horse-power, P, absorbed in retardation is 
equal toOT86 alTF = Pv / 550 = P x 1*467 V / 550. Therefore 
P = 102*5 aW 1 1*467 = 70 a lb. per ton of loaded vehicle. This is 
the total retarding force ; the friction of the gearing, etc., will take 
up a variable amount, according to circumstances, of this, and the 
l^lance must be applied by the brakes themselves. The rate of 
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stopping, a, should usually not exceed 2 ft. per sec.^ for the sake 
of the passengers’ comfort. The distance run before stopping 
= i at- = 1*08 T^/a ft. (where V is in m.p.h. and a in ft. per see.-), 
and the time taken in stopping is 1*4.7 V / a secs. There are two 
separate and distinct uses of the brake equipment, mz. to control 
a car on an incline, so as to keep the speed within safe limits, and 
to stop a car, either to avert an accident or to allow passengers to 
alight. The disadvantage of specific accident or emergency brakes 
is that they are not ordinarily used and the driver may fail to use 
them at the critical moment. 

There are many types of brake in use, and generally more than 
one is fitted on each vehicle; the chief varieties are the wheel 
brake; the rail or slipper brake; and the electric brake in one 
of many forms. A brake may be applied either by hand — con- 
fined to tramways — or by power: vacuum, compressed air or 
electricity. 

With wheel brakes the greatest efiect is obtained just before 
skidding occurs, but once the wheel is held altogether the brake 
becomes useless and must be slackened off and applied afresh ; if 
this should occur frequently, flats on the wheel result. This is 
liable to happen when there is a light sludge of wet dust on the 
rails, and sanding is then necessary. Rim brake shoes wear out 
rapidly, or else wear away the wheels, which is worse, and they 
need constant examination to keep them efficient. This is more 
especially the case perhaps with new rolling stock, though it ought 
not to be so ; bearings are too frequently ruined at the very start 
by trying to start up a train against maladjusted brakes which 
have stuck on. 

On Tramways . — Generally speaking, tramears are provided 
with a hand brake and an electric brake, two separate brakes being 
necessary and compulsory (see below for Regulation). One of the 
great disadvantages of the hand brake is the time taken to apply 
it, for a car travelling even at 10 m.p.h. goes far enough in a single 
second to make a difference in an emergency. The action of the 
hand brake is simply to press a brake shoe on the wheels or 
a slipper on the track, which may also be done, and much more 
rapidly, by pneumatic or electrical methods. American practice is 
for the most part in the direction of compressed-air brakes for all 
purposes, but there are also a number of types of electric brake 
on the market. 
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An electric brake proper may act in one of several ways ; the 
action of the controller, after cutting off the line current, may 
connect the two motors up in parallel as self-excited series 
generators and cause them to retard the car by dissipating the 
energy generated through the starting resistance ; or, may return 
energy to the line regeneratively (§§ 715, 900). Or, again, there 
may be a magnetic frictional disc brake worked by this current. 
In this latter case the retardation is due to three separate effects, 
namely, that due to the motors acting as generators, the momentum 
of the car supplying the power to drive them ; the friction of the 
brake disc; and the drag due to eddy currents produced by 
revolution of the disc in an intense magnetic field. Again, the 
energy from the motors may he utilised in working a track brake, 
magnetic or otherwise. This is all quite independent of the line 
current, for the brake only comes on when the line current is off, 
and the regulation in the braking is effected by altering the resis- 
tance in the brake circuit. No brake depending for its action on 
current from the line is safe, as the supply may fail just when it 
is wanted. The action of all electric brakes depending on the 
motors decreases as the speed drops, which is an advantage, but 
;per contra they cannot bring a car absolutely to rest or hold it on 
a down gradient. 

The Memorandum of the Minister of Transport (taking the 
place of the Board of Trade requirements) lays down as regards 
II. Oar Equipment * : — 

2. (&) Its whe&ls shall he equipped with brake-blocks^ which can be applied hy 
a screw or by other means^ and there shall he in addition an adecpiate 
electric brake. 

Ncwke. — W here for a considerable distance the gradients are 1 in 
15 or steeper, the following will be added to this regulation : — 

a track brake approved hy the Minister of Transport for 
use on, the tramways'^ 

An. electric brake will not be accepted as adequate unless it can be applied by a 
step-by-step movement either of a separate brake handle, or of the controller handle 
only, in the opposite direction to that necessary to apply power. 

On Railways. — Power-operated brakes are of course a neces- 
sity on both steam and electrically-operated railway trains and 
even on single motor coaches running on rails, although in some 
parts of the world they are, so far as freight trains are concerned, 


HegttlSitioii in italics ; MexaoraxiduxQ in roman type, 
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confined to the steam locomotive, and each wagon has its own 
hand brake. The almost universal practice is to fit either W^Mriig- 
house air-pressure or vacuum brakes on every wheel. Where 
auxiliary compressors are required on each vehicle, as with air- 
pressure brakes, they are motor-driven. Electrical braking, as 
mentioned above in connection with tramcars, may also be fitted 
— preferably of the regenerative type (§§ 715, 900). Lines with 
exceptionally heavy gradients require correspondingly powerful 
and efficient braking systems. 

Rail or slipper brakes act directly on the rails, or in the case 
of very steep gradients on a special rail laid between them, and 
they are entirely independent of the revolution of the wheels ; in 
fact, where track brakes are used, they somewhat interfere with 
the use of the other brakes, as a great deal of weight is taken off 
the wheels, which therefore skid more readily when retarded by 
rim brakes. On some mountain railways a special braking track 
of wood is used, or, in the case of an Abt or other rack line, the 
rack itself is used through a band brake on the pinion drum. 

900 - Regenerative Braking. — On level railways there is no 
great advantage in regenerative braking (§ 715) to compensate 
for the complications of control ; hut as the gradients become 
more frequent and steeper, the recovered energy conduces more 
and more to economical working. Even on the Paris Metro- 
politan Rahway, however, the saving due to regeneration amounts 
to ten million francs a year.* The most usual case is that of 
a mountain railway, where the regenerated power of a loaded 
descending train wiU largely serve to assist an ascending one ; 
but the ideal case would he like that sometimes encountered in 
mining service, where a loaded descending mineral train supplies ’ 
the whole power required for raising the empty wagons up 
the grade. In far less extreme cases the system will often pay, 
if the cost of energy is high, but difficulties have been experi- 
enced with this method of control, as, unless there are other 
cars on the line requiring power, the generators in the power- 
house act as motors driven by the cars, and their speed rises, and 
that of the car motors may then rise dangerously high also ; the 
result of running the ' unloaded generators as motors will he 
that all the overspeed trips in the power-house will operate, and 


World JPemer, April, 1928, p. 193. 
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shut down the whole station. Objections to the method based on 
the fact that the braking is in the front only, and that the 
couplings are not kept in tension, have proved groundless.* 

American experience definitely lays it down that regenerative 
working adds to safety in running down steep grades, provided 
that the line is not so short that there may be no train requiring 
power on it while energy is being pumped into the line. On the 
Yaltellina railway, special resistances were at one time used in 
the power-house to absorb any unwanted regenerated energy. 
The saving of power on the Chicago, Milwaukee and St. Paul 
railway amounts to no less than 14 as the result of the 
system. 

With direct current : — Much experimental work has been done 
with shunt-wound D.C. motors for traction service, and scores of 
patents have been taken out for regenerative systems of this 
nature : but the aptitude of these motors for the purpose is more 
than counterbalanced by their disabilities in ordinary running. 
Series motors, as generally employed, cannot be used regeneratively ; 
but they have of late been built with extra field windings, so that 
fehey can be temporarily converted to regenerative shunt-wound 
generators for braking purposes. This involves additional con- 
tactor gear on the controller also, together with separate excitation, 
so that it becomes a business question whether the value of the 
energy saved will compensate for the extra capital charges and the 
less simple circuits (^see also § 718). 

With alternatiThg current : — Where 3-phase induction motors 
are used they can return electrical energy to the line when coasting 
downhill, and a»s the rotors cannot run more than about 4 above 
the synchronous speed (§ 679) this is a safe and economical method 
of braking. No additional control gear is necessary, nor any extra 
notches on the controller, the same ones serving for both power 
and braking — ^since the synchronous speed is the determining 
factor ; this applies both to parallel and cascade working. The 
method has found extensive application in the U.S.A. and on the 
Continent, and shows a very high efficiency. Thus on the Giovi 
line (Italy), with trains running at 45 km, per hr. on a 3*5 % 
gradient, the energy consumption for a train climbing only was 

cdso ‘Tramway Regenerative Braking,’ Eh Rev., Vol. 102, p. 1040 ^ 
an^ ‘ Tramway B^eneraMve Control,’ ihid,, Tol. 112, p. 340. 
t Q-merai Electric Iteview, Nov., 1920, p, 879. 
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found to be 30-8 Wh. per ton-mile as against 13 to 14^ Wh per 
ton-mile with trains ascending and descending simultaneously. 

Eegenerative braking is also used on single-phase lines in 
Switzerland. This involves no additional gear on the controller, 
but extra windings are provided in parallel with the commutating 
poles. 


EQinp:MEXT: Permanent Way axd Return Circuit. 

901- Rails and Permanent Way; Tramways. — On electric 
tramways, grooved girder rails laid on a concrete foundation are 
the general rule. Step girder rahs have been used to some extent 
but they interfere with the ordinary traffic too much ; they offer 
less tractive resistance than grooved rails ; and T rails, which are 
D-enerally used in America, offer still less. The wear and tear on 
electric tramway rails is very much greater than that on the old 
horse-drawn or cable tramways, or than that on railways — a fact 
discovered by very dearly-bought experience in the early days 
of the art, when utterly insufficient amounts were set aside for 
depreciation, not only by local authorities, but even by com^nies. 
Not infrequently the rails became unfit for use in three years or 
even less, before the advent of modern special steels (see next 
paragraph). 

The cause of excessive wear is chiefly the unsprung loads of the 
motors, especially where geared direct to the axles, and (in the case 
of tramways) the use of the track by other traffic. Owing to this 
rapid depreciation, very heavy rail sections are used, from 30 to 
120 lb. per yd. Fishplates are used in British practice, and the 
rails are kept to gauge by a steel tie bar. British Standards 
Institution Specification No. 2 (1927) deals with ‘Tramway 
Rails and Fishplates/ dimensioned drawings of six types being 
given. Amongst the more important matters dealt with in this 
exhaustive specification are the quality and composition of the 
steel ; falling weight, tensile and bending tests ; holes and slots ; 
and permissible variations in weight and dimensions. 

At curves the grooves have to be wider than on the straight, 
and spiral transition ‘ easement ’ curves are used to ensure the car 
entering and leaving easily- With ordinary road construction 
correct super-elevation of the outer rail is of course impracticable, 
so speed has to be reduced when turning. The reduction in power 
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on this account to some extent counterbalances the excessive 
friction on curves. 

In the " Memorandum Regarding Details of Construction of 
New Lines and Equipment’ issued by the Minister of Transport 
(1926), which apply also to reconstructed lines, the following 
requirements as to the permanent way occur under the heading • 
L Constructional Details : — 

(0) Pebmahent Wav. 

(1) The weight of mils, on public roads, should not be less than 90 lb. per yard 
and one or other of the British Standard sections for Tramway Bails is preferred. * 

(2) The groove of new rails must not exceed one inch and one eighth in width 
but a groove not exceeding one inch and one quarter will be accepted on curves of 
less than 150 ft. radius, and for special worh. 

(3) The removal of storm water accumulating in the rail groove to be 
adequately provided for by slotted rails, or other approved device, suitably con- 
nected to the drainage system. The number of ‘ draw-off ’ points to be increased 
on gradients or at termini. 

(4) The details of permanent way and mode of construction in the case of new 
lines should be submitted lo the Minister of Transport for approval before work is 
commenced, and may not be substantially varied at any time without the Minister’s 
consent. 

Tflb ‘British Standard Method of Specifying the Resistance 
of Steel Conductor Rails ’ is referred to in paragraph 920. The 
resistance of one yard of an ordinary carbon steel track rail of 
100 lb. weight per yd. is approximately 0* 000 027 O ; or (4-83 / lb. 
per yd.) H per mile. (G/. §§ 902 and 920.) 

The weight in lb. per yd. of any steel rail = the cross-sectional 
area in sq. in. x 10'2. 

Another B.S. Specification, No. 79 (1927), deals with ‘British 
Standard Trackwork for Tramways,’ 'i.e. with turn-outs, cross- 
overs, junctions, crossings, points and interlacing tracks for 
every variety of construction used in practice, with diagrams, 
dimensions and standard arrangements for holing. 

With clearances between rails, and between the line and the 
kerb, posts, etc., we are not here concerned.* 

^ 02 , Rails and Permanent Way; Railways. — On British 
electric railways, ordinary permanent way construction is adopted, 
with heavy rail sections mounted on chairs and timber sleepers, 
bmt bonded for the return circuit (§§ 903 and 904), With the even 


*840 *^ Memorandum Eegarding Details of Construction, etc.* (Tramways and 
Bailways IiaM on Public Roads>. Ministry of Transport (1926). 
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torque of a motor, tlie wear aud tear should be, and probablj will 
eventually be, less than with steam working ; but hitherto it is 
understood to have been otherwise. Whereas a life of 12 or 15 
yesLTS is not uncommon on main steam lines, the life of rails has 
so far been only about half this on electric railways, and as low as 
three years in tunnels. In the case of the Metropolitan Railway, 
London, a remedy was found in the use of a specially hard silicon 
steel, made by the Sandberg process ; bigh-silicon basic open-hearth 
and high-silicon acid Bessemer being considered the best. These 
do not rust seriously and are superior to nickel, chrome, and other 
special steels. Reference, however, to paragraph 979 on "ferro- 
alloys ’ will show that new steels are being developed every year 
with special properties for special work — e.g. the Hadfield and 
other steels for points, etc. The composition of one of these special 
steels is as follows: * manganese 11 to IS carbon 1 to 1*2 
silicon 0*4 sulphur 0*05 7 oj phosphorus 0*08 °/^. The resistance 
of this steel is about times that of carbon steel and 38*5 times 
that of copper, and these figures are not greatly affected by the 
proportion of Mn within the above limits. One yard of rail, of 
100 lb. per yd., of the above special steel, has a resistance of 
0* 000 096 fl, a current of 250 A giving a drop on 20 ft. length of 
0*16 Y ; or 1 volt per 40 yds. neglecting the bonding resistance 
(c/. §§ 901 and 920.) 

903- Rails as Return Circuit: D.C. Tramways. — On D.C. 
tramways (for A.C. see § 905) the rails are now invariably used 
as the return circuit for the energy supplied to the cars, f the 
connection to the motors being made through the frame and 
wheels. The two rails, or on a double track all four rails, are in 
parallel for this purpose, and are connected to the negative pole of 
the generator. The rails are in contact with the general mass of 
the earth and constitute an uninsulated ‘earthed return.’ Now 
the term ‘ earth ’ gives rise to a great deal of misunderstanding, 
owing to the confusion between earth returns and earthed returns. 
For telegraphic and telephonic work the earth itself is often used 
to complete the circuit in place of a return wire ; that is to say, 
there is a real earth return. But in the worst constructed electrie 
tramway of early days, the rads were at least intended to act as 
the return, while in the best-constructed modem systems, in which 


* JEJdgar AUm News, 

+ Except in the conduit system, and near observatori^ 
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an uninsulated return is used, there is very little current carried 
by the general mass of the earth ; the rails are rendered eleetricallv 
continuous for this purpose. The current will naturally take the 
best conducting path, so, though the rails and the return are at the 
same potential as the earth, the latter is not appreciably used as 
a return ; there is an earthed, and not an earth, return. Just as a 
telephone system may have either complete metallic circuits or a 
metallic lead and an earth return, so can an electric traction system 
have either a double insulated metallic circuit or a metallic insulated 
line and an earthed return. Both methods have been adopted in 
one place or another, and each has advantages of its own: the 
former in that troubles from interference with other people’s 
property or circuits are avoided, the latter for its simplicity and 
lower cost of construction. 

With an earthed return it is always possible for the current to 
stray into other conductors in the neighbourhood — such currents 
are aptly called ‘ vagabond ’ — and for this reason it is necessaiy to 
keep the resistance as low as possible. The weak point is at each 
rail joint, and it is therefore necessary either to weld or east-weld 
the joints, making the whole line electrically continuous, or else to 
bridge over the fishplates with heavy copper bonds. 

Even where the rail joints are welded (which may be done 
electrically or by the Thermit process) a bond is placed across the 
weld ; for fishplate joints, two bonds are used, on the inside, often 
of 4/0 copper (or equivalent stranded) which have larger terminal 
lugs expanded into freshly made holes in the rail flange. There 
are many types of bond on the market, but the flexible types are 
preferable to the solid because of the severe vibration to which 
they are subjected. (See footnote to paragraph 907.) 

Technical details of iron and steel when used as conductors will 
he found in the preceding paragraph and also in paragraph 64 
(Vol. 1); but the latter figures refer rather to the conductor 
third-rail (§ 920) than to the running rails. In the latter, long 
life IS more important economically than low resistance, and (as 
mentioned in § 902) special steels of far higher resistance are often 
used; always for points and crossings, etc. It may be repeated 
here that the weight in lb. per yd. of any steel rail = the cross- 
sectional ar^ in in. X 10-2. The resistance in ohms per mile 
of single rail (ordinary carbon steel track rail) is approximately 
<4i-8S / lb. per yd.) or (O’ 473 / section in sq. in.), but there are 
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wide variations, and tke joints, in old track, increase the value 
oreatly.* The two or four rails are always ‘ cross-bonded ’ at 
intervals, as this reduces the effect of bad joints by offering 
alternative paths to the current. With two or four rails in 
parallel the resistance is | or J of the value given by the above 
formula (§ 448). There are many types of bond on the market, 
but when old track is opened up it is generally found that a good 
many have ceased to fulfil their function through breakage or 
working loose. 

It will he convenient here to give the Regulations made by the 
Minister of Transport (§ 1052) relating to the track and return 
circuit on tramways : — 

3. Where any rails on which cars run or any conductors laid between or 
within 3 ft. of such rails form any part of a return, such part may be uninsulated. 
All other returns or parts of a return shaU be insulated, unless of such sectional 
area as will reduce the difference of potential between the ends of the uninsulated 
portion of the return below the limit laid down in Regulation 7. 

4. When any uninsulated conductor laid between or within 3 ft. of the rails 
forms any part of a return, it shall be electrically connected to the rails at 
distances apart not exceeding 100 ft. by means of copper strips having a sectional 
area of at least sq. in., or by other means of equal conductivity. 

5. (a) When any part of a return is uninsulated it shall be connected with the 
negative terminal of the generator, and in such case the negative terminal of the 
generator shall also be directly connected, through the current-indicator hereinafter 
mentioned, to two separate earth connections, which shall be placed not less than 
20 yds. apart. 

(6) The earth connections referred to in* this regulation shall be constructed, 
laid, and maintained so as to secure electrical contact with the general mass of 
earth, and so that, if possible, an E.M.F. not exceeding 1 V shall suffice to 
produce a current of at least 2 A from one earth connection to the other through 

earth, and a test shall be made once in every month to ascertain whether 
this requirement is complied -with. 

(c) Provided that in place of such two earth connections the Company may 
make one connection to a main for water supply of not less than 3 ins. internal 
diameter, with the consent of the owner thereof and of the person supplying 
the water, and provided that where, from the nature of the soil or for other 
reasons, the Company can show to the satisfaction of the Minister of Transport 
that the earth connections herein specified cannot be constructed and maintained 
without undue expense, the provisions of this regulation shall not apply. 

(d) No portion of either earth connection shall be placed within 6 ft, of any 
pipe except a main for water supply of not le^ than 3 ms. internal diameter 
which, is metallically connected to the earth connections with the consents 
hereinbefore specified. 


* See B.S, Specification No. 68 (1914) : ‘ Steel Conductor Bails, Method of 
Specifying the Resistance of ’ (§ 920). Also cf. §§ 901 and 902. 
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{e) Wiieii the generator is at a considerable distance from the tramway the 
aninsulated return shall be connected to the negative terminal of the generator 
by means of one or more insulated return conductors, and the generator shall 
have no other connection with earth; and in such case the end of each insulated 
return connected with the uninsulated return shall be connected also through 
a current indicator to two separate earth . connections, or with the necessary 
consents to a main for water supply, or with the like consents to both in the 
manner prescribed in this regulation. 

(f) The current indicator may consist of an indicator at the generating station 
connected by insulated wires to the terminals, of a resistance interposed between 
the return and the earth connection or connections, or it may consist of a suitable 
low- resistance maximum demand indicator. The said resistance, or the resistance 
of the maximum demand indicator, shall he such that the maximum current 
laid down in Regulation 6 (i) shall produce a difference of potential not exceeding 
1 V between the terminals. The indicator shall be so constructed as to indicate 
correctly the current passing through the resistance when connected to the 
terminaJs hy the insulated wires before-mentioned. 

6. When the return is partly or entirely uninsulated the Company shall in the 
( 3 onstruction and maintenance of the tramway (a) so separate the uninsulated return 
from the general mass of earth, and from any pipe in the vicinity ; (&) so connect 
together the several lengths of the rails; (c) adopt such means for reducing the 
difference produced by the current between the potential of the uninsulated return 
at any one point and the potential of the uninsulated return at any other point ; 
and (d) so maintain the efifioiency of the earth connections specified in the preceding 
regulations as to fulfil the following conditions, vi^. : — 

(i) That the current passing from the earth connections through the indicator 

to the generator or through the resistance to the insulated return shall 
not at any time exceed either 2 A per mile of single tramway line or 
5 °/o of the total current output of the station. 

(ii) That if at any time and at any place a test be made by connecting a 

galvanometer or other current-indicator to the uninsulated return and 
to any pipe in the vicinity, it shall always be possible to reverse the 
direcfion of any current indicated hy interposing a battery of three 
Leolanch^ cells connected in series if the direction of the current is 
from the return to the pipe, or hy interposing one Lieclanche cell if the 
direction of the current is from the pipe to the return. 

The owner of any such pipe may req^uire the Company to permit him at 
reasonable times and intervals to ascertain by test that the conditions specified in 
(ii) are complied with as regards his pipe. 

7. When the return is partly or entirely uninsulated a continuous record shall 
be kept by the Company of the difference of potential during the worMng of the 
tramway between points on the uninsulated return. If at any time such difference 
of potential between any two points exceeds the limit of 7 V, the Company shall 
take immediate steps to reduce it below that limit.* 

8. Every electrical connection with any pipe shall he so arranged so to admit of 
easy examination, and shall be tested by the Company at least once in every three 
months. 


* It was authoritatively laid down many years ago that the 7 Y dmp between any 
two points is Tiot intended to be used as a limiting figure to work up to, hut as one 
indicating serious danger of electrolysis. 
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9. The insulaidon of the line and of the return when insulated, and of all 
feeders and other conductors, shall be so maintained that the leakage current shall 
not exceed one hundredth of an ampere per mile of tramway. The leakage current 
shall be ascertained not less frequently than once in every week before or after the 
hours of running when the line is fully charged. If at any time it should be found 
that the leakage current exceeds ^ A per mile of tramway the leakage shall be 
localised and removed as soon as practicable, and the running of the ears shall be 
stopped unless the leak is localised and removed within 24 hrs. Provided that 
where both line and return are placed within a conduit this regulation shall not 


apply- 

10. Any insulated return shall he placed parallel to and at a distance not 
exceeding 3 ft. from the line when the line and return are both erected overhead, 
or 18 ins. when they are both laid underground. 

{For further regulations see § 1052.) 


904. Rails as Return Circuit ; D.C. Railways. — The 

previous paragraph, relating to tramways, is equally applicable to 
the return circuit of railways ; but the conditions are somewhat 
different. Instead of being buried leyel with the ground, the 
railway track is raised on chairs, and only in contact with com- 
paratively clean ballast, through which any water percolates ; and 
there is no mud to contend with. Furthermore, the rail joints and 
bonds are accessible without pulling up the permanent way, so 
that they can be examined regularly along with the track itself,* 
The rails on railways are never welded up solid, as they are 
fully exposed to the heat and the cold and must be able to expand 
and contract freely; and, as the fishplate contact is a thoroughly 
inefficient electrical contact, the conductivity of the return circuit 
depends on the efficiency of the bonds between rails and between 
tracks. Lacking the, support of the concrete or setts of a tramway 
line, and carrying heavier loads at higher speeds, the bonds are 
subject to far greater vibration and need : constant examination 
{see also footnote to § 907). The bonds are sometimes fixed to 
the web of the rail, as with tramways, or they may be placed on 
the under side of the lower flange, as on the conductor rails of the 
Southern Bailway. 


* The present writer happened to be in the neighbourhood of a veiy prions 
accident on an American line some years ago. Track signalling was used, the 
working bmng steam, and the cause was put down as being due to a rail having l^n 
pulled away by means of a wire by some miscreant. But the rails were sjaked 
directly on to the sleepers {i^. without chairs, which are seldom used there); the 
sleepers were mostly rotten ; and about one spike in five could be pulled out wirii the 
finger and thumb over a mile of track examined. Fortunately, inspection on this 
side is more thorough — as a rule. 
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There are at present no Ministry of Transport or other regula- 
tions dealing with electrical working on railways, other than ‘ tube’ 
and ‘ light railways ' ; but the requirements of those prescribed for 
tramways (§ 903) are applicable technically and are generally com- 
plied with.* It should be repeated here that the limit of 7 V drop 
between any two points in the uninsulated return (Regulation 7 in 
the preceding paragraph) is not intended to be a figure up to which 
it is safe to work, but rather a figure indicating serious danger of 
electrolysis ; but in railway work the maintenance of the return 
circuit is much easier than on a tramway line. 

For ‘railways constructed underground in fmetal-lined tunnels/ 
commonly known as ‘tube railways,’ there are regulations yevy 
similar to those printed in the preceding paragraph; bnt the 
following extracts relate to new matters, or points expressed 
difierently : — 

5. When any part of a return is uninsulated it shall be connected with the 
negative terminal of the generator, and in such case the negative terminal of the 
generator shaU also be directly connected to the iron or other metal plates forming 
the lining of the tunnels, unless this lining is otherwise connected to the raiis. In 
each case the connection shall be made through a suitable current indicator. 

6. T*he iron or other metal plates forming the lining of the tunnels shall he so 
made and connected together as to form a continuous metal tube. 

7. Where any pipe is brought into the tunnel from outside, except any pipe 
belonging to the Company which is not in metallic connection with or laid within 
6 feet of any other pipe, means shall be provided to secure that no portion of the 
pipe outside the metal tube shall be in metallic connection with the tube or with 
any conductor of electricity within the tube. 

8. When the rails form any part of the return they shall either be electrically 
connected, at intervals not exceeding 100 yards, to the metal tube by metallic con- 
ductors which will not be appreciably heated by a current of 100 amperes, or they 
diall not be in any metallic connection with the metal tube except by means of the 
connections to the negative terminal of the generator. In the latter case the rails 
shall be supported by sleepers of wood, and they shall be of such sectional area and 
so connected at joints and from one line of rails to another, and where necessary to 
supplementary conductors or feeders, that the difference of potential between the 


■* The Final Report of the Advisory Committee of the Ministry of Transport on 
the Electrification of Railways recommends that, on the evidence and in view of the 
piactieal difdcalfies attending the imposition of a definite limit t ‘ (i) It is not desirable 
tnat r^^nlations should be issued to limit the drop of potential in an anmsttla ted 
oondnctor <m electrically operated railways ; (ii) In cases where it is found impossihle 
to dispense altogether with ihe present obligations which are imposed upon railway 
csoxnpames by the protective clauses inserted by the Board of Trade and o&ei 
azAinities into tiie Acts of the companies, these obligations should be spedfied 
definitely in each particular case,’ 
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rails metAl tube shall nofe in any part and under any "working csonditions 

exceed 10 volts. A test shall be made at least once in each month. 

9, When the return is partly or entirely uninsulated a daily record shall be 
kept by the Company of the difference of potential during the working of the railway 
between any two points of the uninsulated return at the time when the load is 
greatest. If at any time such difference of potential exceeds the limit of 7 volts, the 
Company shall take immediate steps to reduce it below that limit 

10. Every line and every insulated return shall be constraeted in sections, and 
means shall be provided at or near each stationfor breaking the connection between 
sections. 

XI. The leakage current shall be tested daily before and after the hours of 
running -with the "working pressure and duly recorded- Should the amount of this 
at any tim e appear to indicate a fault of insulation, steps shall at once be taken to 
localise and remove it. 


The remarks in the preceding paragraph (tramways) as to 
rail resistance and special steels used for points, crossings, etc., are 
applicable to the railway return circuit also ; and the increased 
resistance of special steels naturally becomes more important as 
the current increases. (See also § 920 : thirdrrail system.) 

905 . Rail Returns for Alternating Current. — Where alternate 
ing current is used for traction, the ohmic resistance of the rails 
is not the only factor to be considered ; the drop in volts owing to 
inductance (§ 85) and "skin effect’ (§ 38) maybe ten times as 
great as with continuous current, where ohmic resistance alone 
comes in, and it increases with the frequency of the supply. 
Transformers have also been used in A.C. traction in a somewhat 
similar manner to the negative boosters described in paragraph 
906. (See also §§ 142, 389, 395.) 

At 25 cycles it is safe to assume that the drop in volts in the 
rails will be about 6*5 times that due to a continuous current of 
the same ampere or R.M.S. (§§ 25. 56) value. A supplementary 
return conductor, connected to the rails at frequent intervals, con- 
fines the serious drop to the sections of the line where the traffic 
for the moment happens to be. The drop in such a conductor, of 
copper, is not more than 1 |- times what it would be with continuous 
current — for the skin effect decreases with the diameter of the 
conductor, and the latter is only about as large for a copper 
feeder as for an iron wire (of track-rad steel) of equal ohmic re- 
sistance ; on the other hand, the skin effect is somewhat smaller in 
an iron rail than in an iron wire of equal section, because, for a 
given sectional area, the skin effect decreases as the perimeter 
increases. 
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Skin eflfect has hitherto been neglected, as it is of little impor- 
tance in the ordinary applications of electricity ; hnt with very large 
conductors, and especially steel rails, it is a factor of serious 
importance. The following extract from an article by Dr. D. K. 
Morris will therefore be useful : — 

Alternating currents, especially of high frequency, are by their inductive action 
to some extent confined, to the surface of solid conductors. The increase of ohmic 
resistance due to this cause is separate from the increase due to impedance. 

With ordinary frequencies the effect is negligible in conductors less than ^ inch in 
diameter of non-magnetic material. 

From the tables given hy this writer the increase of resistance 
in copper, due to skin effect, at the standard frequency of 50 
periods, is 

Diam. 0*59 in. — Increase 0*2 Diam. 0*98 in. — Increase 7 %. 

0*79 2*7 1*57 33 

In steel rads the increase is much greater, and Dr. Morris 
quotes the following figures, given by Mordey and Jenkin, relating 
to the relative drop in volts with D.C. and A.C. In single track, 
laid with 90-lb. rails : — 


Current Density. 

Volts Drop Per Mile. 

D.C. 

A.C., 15 Cycles. 

A.C., 42 Cycles. 

56*5 A per sq. in. 

21 V 

120 V 

210 V 

39*5 

14 

66 

112 

28*2 

11 

39 

67 

16*3 

6 

21 

34 


906. Return Feeders and Boosters. — Where the length of 
line or density of traffic is very great the large current in the rails 
may involve too great a drop in pressure in them ; for the higher 
the drop, the greater is the chance of leakage and corrosion in the 
neighbourhood. Whereas in ordinary circuits the loss of volts ia 
the lead and return are about equal, the conductors of a tramway 
are so designed that nearly all the drop is in the lead, i,e, the 
feeders and overhead line ; the drop in the return circuit is limited 
by Regulation *7 (§ 903) to 7 Y in Great Britain. If the drop on 
the bonded rails alone would otherwise he greater than this, 
insulated copper return feeders are taken from suitable points 
back to the generating station ; and, if necessary, a motor-generator 
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or ‘ negative; booster ’ (or, for A.C., a transformer) is comieeted in 
tliis feeder to neutralise the excess drop in volts. The nse of 
motor-generators or boosters in electric traction work is twofold : 
they may be used in the ordinary way, with the auxiliary generator 
in series with the feeders or line, ^transmitting the full current and 
adding to the pressure (Fig. 9Ba, § 389, Vol. 2); or they may be 
used in the negative feeder (Fig. 94, § 389, Vol. 2), to suck the 
current back from the rail circuit at distant points on' the system, 
and thus reduce the faR of potential oti the uninsulated'<;ircuit to 
proper limits. For example, a return or negative feeder will be 
run from a meeting-place of many tracks, and will there be con- 
nected to all the rails. Naturally the return current will go back 
to the station by that feeder in preference !to the higher resistance 
rails, and if there is a generator (motor-driven) connected in the 
power station between the negative bus-bar and the end of this 
feeder, so as to force a heavy current back to the negative bus-bar, 
the effect of the negative feeder is increased. Using a negative 
booster is equivalent to reducing theTresistance (or, increasing the 
conductivity) of the return circuit and feeder ; and if this resist- 
ance were zero no booster would be needed. 

It is unsafe to operate a group of separate feeders from a common booster 
owing to the risk of abnormal pressure rise at the feed point of a temporarily 
lightly loaded section, and although, by parallel operation of the feeders, this risk 
maybe avoided, the practice leads to unequal distribution of the load amongst the 
feeders, the shorter one being overloaded. For satisfa,ctory operation, therefore, 
a separate booster ought to be installed in each long and heavily loaded feeder. In 
order, however, to avoid the installation of a large number of boosters of varying 
capacity, the authors would suggest that advantage be taken of the method already 
described of employing main feeders, each having several short sub-feeders. The 
pressure drop in the main feeder alone would be compensated by the booster, so 
that the sub-feeder would be maintained at a constant potential, the design of the 
sub-feeders being governed by considerations of overheating alone, and their load 
fluctuations not materially affecting the pressures at the feed points. 

The general use of negative boosters alone permits of the attainment of the 
two ideal conditions, msr. : — 

1. Uniform absolute potential at the negative feed points and hence no 
interchange of vagabond current. 

2- Minimum length of sub-section, and hence minimum vagabond current. 

Further, full advantage is taken of the high conductivity of the track ; the 
rail drop is easily maintained at a low value ; the pressure loss in the negative 
feeders is no longer subtracted from the supply pressure ; great potential dijfler- 
ence between the negative bus-bar and earth is avoided, and, finally, with heavy 
loading a very material reduction may be obtained in the amount of return copper 
as compared with the amount required to obtain satisfactory conditions#, ^ 
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they could, possibly be obtained, without boosters. The saving in cost over iiie 
installation of additional sub-stations would be very considerable. (J. G 
B. a. Gunliffe, Jour. Yol. 50, p. 703.) 

While a positive (or line) booster has a self-excited series 
generator, a negative (return feeder) booster is separately excited 
by a coil connected in series with the line, so that the negative 
‘ suction ’ increases with the load in the line. The armature of the 
latter is of course connected in aeries with the feeder. 

907. Electrolytic Corrosion. — The principles of electrolysis 
are explained in § 127, Yol. 1, and § 970, and many examples will 
be found in Chapter 88 on ‘ Electro-cbemieal Processes’ of the 
benefits conferred by it on humanity. Eut, like most other 
beneficent things, electrolysis has a maleficent side to it when not 
under proper control. Most substances — and metals especially — 
are liable to corrosion when buried in the ground, from the 
chemical effects of acids or alkalis in the soil, and from other 
causes.* When ‘ vagabond currents ’ are present to assist the 
process, it is greatly accelerated. In the ease of tramways with 
an "uninsulated return’ — this is the official phrase — if there is 
leakage from the rails to other metallic bodies in the neighbour- 
hood, and then back to tbe rails or the power station, corrosion 
takes place through electrolysis at every point where the current 
leaves the metal; in the early days of electric traction much 
damage was done to gas and water pipes, cable sheathings, and 
even steel bridges, through this agency. Lead and iron or steel 
are the chief victims, because they are the metals most commonly 
used underground: and the most important, because of their 
extensive use in public utility undertakings, f At the anode about 
7 5 lb. of lead or 20 lb, of iron will be corroded by 1 A flowing for 
a year (Bartholomew, loc. cit,). 


* O. Ha.eb.nel (vide remmi in Science Abstracts, 1925, No. 750) calls attention 
to * a. novel form of intercrystalline corrosion ’ of lead sheathings (see § 653) causing 
them to crack or even to fall to povp-der, ■which he attributes to the effects of mechani- 
cal high-jbreqnency vibration on an assumed allotropic form of the metal. The 
addition of tin and antimony (see footnote to § 552) reduces the liability to this 
form of corrc«ion, but increases that to chemical corrosion — and therefore, no 
doubt, to electro-chemical also. Where vibration is severe, as on bridges, etc., the 
afeove author suggests either suspension or a suitable bedding to damp out -vibrations. 

■f* The Post Office Engineering Department has issued a useful brochure on 
* Electrolytic Action on Gable Sheaths ’ amongst its ‘ Technical Pamphlets for 
Workman.* Sm also * Tbe Electrolysis of Iiead-Govered Cables,’ by 8- 0. Barfeholo- 
naew (SL Rtm,, Yol. 92, pp. 4:32-433). 
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By way of cure, or rather partial prevention, it is the universal 
practice, enforced hy Regulation, to connect the positive pole of 
the generator * to the line and the negative to the rail return, as 
this confines the tendency to damage from electrolysis to the rails 
themselves, and the lead sheathing of the return feeders, pipes, 
etc., in the immediate neighbourhood of the station. Each of 
these can by proper construction be protected almost entirely. 



Fig. 400. — Diagram of earth return currents with rails connected to tiie positive 

pole of the generator. 



// // 


Fig. 401. — ^Diagram of earth return currents with raOs connected to the negative 

pole of the generator. 

Electrolytic corrosion takes place at the point where the current 
leaves the pipe or rail : at the point, that is to say, which is 

* See Regulation 5 (§ 904). For many years every company or local authority 
owning a system of pipes represented to Parliament the necessity of special pro- 
tective clauses for their systems in any Tramway Order in their area ; and finally 
the whole g[uestion was thrashed out by Lord Gross’s Joint Select Committee of 1893 
on * Electric Powers (Protective Clauses}.’ The preamble to the present Regulations 
for tramways (§ 1052) refers particularly to * corrosion and injurious electrolytic 
action ’ on pipes, structures and substances, which the Regulations are designed to 
prevent ^ but in several cases special protective clauses have nevertheless been 
inserted in Tramway Orders. (See ‘ Wills’ Electric Lighting-’) 
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positive to the earth. Now, if the positive pole of the generator 
were connected to the rails and to earth, the tendency would be 
for a considerable proportion of the current to take the earth-path 
near the power station, to run along water and gas pipes, and to 
leave them for the rails again at all points where cars were running 
near them, thus causing corrosion over a wide area {see Fig. 400). 
If, on the other hand, the rails are made negative at the generators 
(as in Fig. 401), the tendency is for the general leakage to he/rom 
the rails (which will suffer corrosion) to all the pipes along the 
track, which then carry the current to the neighbourhood of the 
power-house, where it leaves them again to get to the generators ; 
and, if at these near points copper conductors are run to the pipes, 
they will take the current back and prevent it going to earth and 
causing corrosion even near the power-house. But, even so, if 
the leakage is not very small corrosion will occur at every separate 
joint in the pipes, where the resistance is naturally much higher 
than in the body of the pipes, the current taking an earth-path 
round the joint. Where gas and water mains run near one another 
there is a tendency to leakage from the gas to the water pipe if 
both are carrying current, the resistance of the joints being higher 
in the former. Mr. Wedmore {Jour, Vol. 50, p. 722) esti- 

mates the average specific resistance of the earth to be about 50 fit 
per cu. yd. ; and he further discusses whether the earth virtu- 
ally short-circuits a pipe buried in it or whether the pipe is the 
better conductor. In the case of iron pipes he inclines to the 
former view ; with lead pipes, to the latter. 

The Post OflSee Pamphlet, referred to above, sums up the 
precautions which can he taken by the owner of the buried metal 
work as follows : — 

{a} Cables should be kept as far away as reasonably practical from, tramway 
lines. 

(5) Contact with the rails either directly or indirectly must be avoided in the 
* negative area,’ Connections in the positive areasmay be allowed in special cases 
after careful investigation, as an alternative to (h). 

(c) Pipes should not be laid in contact with tram way standards. 

(d) Gables should be kept clear of water in boxes and manholes, and dry duct 
lines are desirable. 

(e) Chemical composition of fluid and soil bas an important bearing. Cables 
should be liberally covered with petroleum jelly when being drawn in. 

(/) Voltage tests indicate danger points. 

(^) Measurement of strength of current in the sheathing is of great importance 

(Ifc) Earth plates should be sunk to which cables (and pipes if concerned) should 
be connected, at boxes near the poinfs where the current leaves the cables. 
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(j) Iron pipes should be bonded afc boxes and manholes. 

(A:) At the junction of routes, the cables and pipes should be joined together by 
lead strips soldered to the sheathing. 

908. Interference with Telegraph Lines, etc. — Until electric 
tramways were started the telegraph and telephone circuits held 
a virtual monopoly in the use of the earth as a return circuit; 
this monopoly, however, has not been upheld by law.* Where an 
earthed rail return is used, telephones, telegraphs, electric signalling 
apparatus, and magnetic instruments may be injuriously aiFected 
in their working.-f* This is not the case with accumulator traction, 
or with a completely insulated metallic return, but these systems 
of traction are little employed. Telephone lines using the earth 
as return and mounted parallel to a tramway for any considerable 
distance are affected by the latter unless they are a sufficient dis- 
tance away from it. The momentary breaks in the traction circuit 
on line and return (at the collecting gear and wheels respectively) 
cause buzzing in the telephones by induction, and render it impos- 
sible to hear properly ; a short-circuit will cause all the indicators 
in the exchange to fail (where that system of ^ calling ’ is employed), 
and will make working impossible. Where single-phase A.C. 
traction has been used on the line, there is also interference from 
electro-magnetic and electro-static induction, and the expense of 
adequately guarding against this is very serious (§ 926). 

The remedy lies with both parties to a certain extent. The 
smoother the collection of the current, and the better the construc- 
tion, the less trouble there will be from induction and leakage ; 

* The leading case is that of the Bast and Soufeh African Telegraph Oo. v. Cape 
Town Tramways Co., which was decided by the Privy Council in 1902. It was 
there held that the owners of sensitive apparatus, such a& a telegraph cable, 
cannot in the absence of special legislation create for themselves, by reason of the 
peculiarity of their apparatus, a higher right to limit the operations of their neigh- 
bours than belongs to the ordinary owners of land, who do not trade with telegraph 
cables. (Beference should he made to the full report in ‘ Wills’ Electric Lighiang.’) 

t See footnote to preceding paragraph, re protective clauses. The R^ulationa 
{passim) are designed to secure such protection as can be afforded without prohibit- 
ing the almost universal practice in electric traction. As to magnetic observatories, 
a considerable agitation was at one time raised because of the danger to the con- 
tinuity of the Grreenwieh records, if it should prove necessary to remove the instru- 
menfe elsewhere, and a special clause was inserted in Tramway Orders. 

Rail and / or road traction systems sometimes interfere with radio reception. 
Such teouble is specially liable to occur where powerful receiving sets are used near 
trcunway or trolley bus-routes. 
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and by diverting the telephone lines out of parallelism or removing 
them to a distance, the effect can be still further reduced, so that 
tramway companies often arrange to do this. On the other hand, 
no trouble at all will be experienced where the telephones use 
a complete and twisted metallic circuit, as this will be equally un- 
affected by induction or leakage ; such a system is far preferable 
in every other way, and all modern telephone systems are so 
arranged. The one disadvantage, apart from cost, is the extra 
number of wires involved. 

The Regulations of the Minister of Transport (§ 1052) quoted 
in paragraph 903 sw^pra as regards the return circuit generally, 
also deal with this matter as follows : — 

12. The Company shall so construct and maintain their system as to secure 
good contact between the motors and the line and return respectively. 

13- The Company shall adopt the best means available to prevent the occurrence 
of undue sparking at the rubbing or rolling contacts in any place and in. the con- 
struction and use of their motors and generators. 

Equipment: tee Overhead System on Tramways. 

909. The Overhead Trolley Wire; Tramways. — The over- 
head line, by which energy is conveyed to the cars, consists usually 
of hard-drawn high-conductivity copper wire from No. 2/0 up to 
No. 4/0 S.W.G., or sometimes, for heavy traffic, of silico-bronze or 
cadmium copper. The wire may be uf ^ figure-of-eight ^ cross- 
section, or of circular section suitably grooved, to enable it to be 
fixed mechanically to the supporting ears. 

The following table gives particulars of these wires : — 


Table 193. — Go7ista%ts of Copper Trolley Wires. 


Size of Wire. 

Sectional 
Area. i 

S-q. In. 

Breaking 

Load. 

Lb. 

Resistance. 

Weight. 

S.W.G. 

Biam. 

Ins. 

Ohms per 
100 yds. 

Lb. per 
100 yds. 

0 

0*400 

0*126 

6 280 

0*019 5 

146 

0 

0*872 

0*109 

6 240 

0*022 6 

126 

af 0 

0*348 

0*095 

4 750 

0*025 8 

110 


The ultimate tensile strength is from 23 to 25 tons per sq. in. ; the 
el«^c limit from 7-4- to 12^ tons per sq. in. j Young's modulus of 
elasticity 18 x 10® lb. per sq. in. ; specific resistance 0*69 x 10® XI 
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per in. cube. In Specification No. 23 (1933) the B.S.I, recommend 
that the minimum tensile breaking strengths, in tons per sq. in., 
for British Standard Trolley Wire, shall he : for copper, 2/0 S. W.G., 
24f tons round, 23 tons grooved; 4/0 S.W.G., 23*5 tons round, 
22*5 tons grooved. 

Silico-hronze has a resistance about 2*2 times that of hard- 
. drawn copper, and may require an additional copper conductor in 
parallel with it, but not subject to wear; its ultimate tensile 
strength is 31 to 35 tons per sq. in. 

A slight addition of cadmium to pure copper has a remarkable 
effect on its mechanical properties, while (unlike other * impurities ') 
affecting its conductivity but slightly.* The tensile strength and 
resistance to bending, torsion and high temperatures are greatly 
increased. In a test of a trolley wire under working conditions 
the loss in diameter during eight months was less than one-third 
as much for copper-cadmium as for pure copper. It must he 
remembered, however, that wear is due generally far more to 
arcing from vibration than to mechanical friction from the 
collector. 

In the ‘Memorandum Regarding Details of Construction of 
New Lines and Equipment ’ issued by the Minister of Transport 
(1926), which applies also to reconstructed lines, the following re- 
quirements as to the overhead equipment — of the nature of 
l^gulations, though not so named — occur under the heading: 
I. Constructional Details : — 

B. OVBBHEAD EriECTRICAL EQUIPMENT. 

(1) The electrical pressure or difference of potenfciaJ between the overhead 
condacfcors used in connection with, the working of the tramways and the earth, 
or between any two such conductors, shall in no case exceed 600 V. The electrical 
energy supplied through feeders shall not be generated at or transformed to a 
pressure higher than 650 Y, except with the written consent of the Minister of 
Transport, and subject to such regulations and conditions as he may prescribe. 

(2) Centre posts must not be used without the consent, in every case, of the 
Minister of Transport. 

(3) The sfeone-kerbing round isolated centre or span -wire posts should not be 
snch as to enable any person to stand upon it as a refuge, unless the clearance is 
ample for safety. 

'(4) Span-wire construction is preferred, so as to provide for trolley wires being 
eentially spaced over their respective tracks. Bracket arms, not as a rule exceeding 
16 ft. in length, may, however, be used if this form of oonstaeucfaon is economically 
desirable. 


ElectriccU Beview, Dec. 7, 14, 1928. 
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(5) The interval between the supports to 'which the overhead conductors used 
in connection with the -working of the tramways are attached shall not, -except with 
the approval of the Minister of Transport, exceed 120 ft. , and as a general rule the 
overhead conductors shall in no part be at a less height than 20 ft, from the sur- 
face of the street, except where they pass under bridges. 

(6) Bach positive condnctor shall be divided up into sections not exceeding 
(except with the special approval of the Minister of Transport) one-half of a mile 
in length, between every two of -which shall be inserted an emergency switch so 
enclosed as to be inaccessible to pedestrians, 

(7) No gas or electric lamp bracket shall be attached to any pole unless either 
triple insulation is pro-vided bet-ween the pole and the overhead conductors or the 
pole is bonded to the tramway rails. 

In the case of any lamp suspended from the span -wire carrying the overhead 
tramway conductors, that portion of the span "wire from which the lamp is suspended 
shall be separated from that portion or portions on which the trolley wire or -wires 
are carried by a suitable insulator. 

Note. — <luard Wire Regulations are dealt with in a separate Memorandum 
entitled * Guard Wires on Electric Tramways and Light Railways Laid on Public 
Roads.’ 

The trolley wire may be carried in several ways : centre-pole 
constmciion, where the poles are erected between the lines of a 
double track, wdth brackets on either side carrying the trolley 
wires more or less over each track ; side-pole construction, with 
long brackets projecting out over the single or double track, as 
the case may be; the same with shorter brackets and a side- 
running swivelling trolley ; and span-wire construction, where the 
troll ey-wire is hung from a network of steel bearer wires carried 
on poles out of the way of the traffic. In broad thoroughfares, 
with, the lines in the middle, the first method is perhaps most 
generally adopted, as by marking the centre of the road it assists 
in regifiating the traffic, and the poles can be used to carry arc 
lamps or clusters of glow lamps. In narrow streets and in busy 
streets of medium width, centre poles constitute a dangerous 
obstruction, so it is desirable to use either side poles and long 
brackets when the track is near the edge of the road, or the span- 
wire method of support when the track is in the centre. At 
crossings and curves and in large open spaces the last method is 
the moat usual. 

With such moderate speeds as are customary on tramways, 
the considerable sag in the trolley-wire spans — usually of 1 20 ft. — 
is unimportant. For high-speed work, catenary suspension (§914, 
railways) is used. 

Ghjuirding the Trolley Wires. — Guard wires, to protect other 
overhead lines — especially telegraph and telephone lines — are a 
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necessary evil in Great Britain ; though whether they do more 
harm than good is a moot point. A Ministry of Transport paper ^ 
lays down a Regulation on the subject, accompanied by an Ex- 
planatory Memorandum with six diagrams showing how the guard 
wires are to be arranged. For this, the original must be consulted ; 
but the Regulation is as follows : — 

Regulation. If and whenever telegraph, telephone or other 
wires, unprotected with a permanent insulating covering, 
cross above, or are liable to fall upon, or to be blown on 
to, the overhead conductors of the tramways (or railways), 
efficient guard wires shall be erected and maintained at all 
such places : 

Provided that this Regulation shall not apply to Post Office 
over-road stay wires where they are earthed at each end 
to the tramway (or railway) rails. 

910. Poles and Brackets (Tramways.) — Tramway poles are 
almost always steel, of graduated tubular form, and of very stout 
construction, owing to the severe side strains to which most of 
them are exposed. The British Standards Institution classes 
tramway p)oles as Light, Medium, Heavy and Extra Heavy, and 
specifies f that — 

2 , The poles may be made of three separate sections (sectional poles) swaged 
together when hot, so as to make a perfect joint ; or they may be made in one piece 
with two reduced parallel steps (stepped pol^). Poles of both types shall be made 
either by the hot-rolled weldless process or the lap-welded process, of steel of a 
tensile strength of not less than 24 nor more than 42 tons per sq. in. The lap- 
welded seams in the sections shall be set at an angle of 120° to each other. 

The standard overall length of poles of all classes is 31 ft., 
divided into top 7 ft., middle 7 ft. and bottom 17 ft. (or bottom 
19 ft., making 33 ft. overall, for medium, heavy, and extra-heavy 
classes only). 

The prescribed outside diameters are shown in Table 194. 

The minimum thickness allowed is also laid down, from ^ to 

in. The prescribed tests (for 5 % of a consignment) are a 6-ft. 
drop-test for joints and a bending test. In the latter the pole is 
rigidly supported for 6 ft. from the butt and loaded, as a canti- 


* ‘ Guard Wires on Electric Tramways and Light Railways Ijaid on Public 
Eoads/ Ministry of Transport, 1921. 

f * British Standard Specification for Tubular Traction Poles,’ No. 8 

(1931). 
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Table 194 . — Bimetisions of Standard Tramway Poles. 



Top. 

Middle. 

Bottom,. 

Hiiglit 

5^ ins. 

ins. 

7^ ins. 

Medimn .... 




Heavy or Extra Heavy . • 


8^ „ 

94 „ 


Noras. — These figures relate to 31 ft. poles. For 33 ft. poles the only differences 
are that the outside diameters for Extra Heavy poles are 8^, 9^ and 10^ ins. at top, 
middle and bottom. 


lever, 18 ins. from tlie top, the load being applied at right angles to 
the axis o£ the pole, which is fixed horizontally. Upon the applica- 
tion of the following loads the temporary deflection and permanent 
set, measured at the point of application, must not exceed the 
following values : — 


Table 195 . — Test Loads on Standard Tramway Poles, 


Type. 

Lioad for Temporary 
Defiection not 
Exceeding 6 ins. 

Lb. 

Load for Permanent 

Set not Exceeding 
i in. 

Lb. 

Light poles 



750 

1 OOO 

Medium poles , 

. 


1 250 

1 750 

Heavy poles . 

. 

. 

2 000 

2 500 

Eoxtra* Heavy . 

• 


2 750 

1 3 250 


The weight of the above poles in Ih. is approximately as follows : — 


Light. Medinm. Heavy. Extra Heavy, 

.ft. 33 ft. 31 ft. S3 ft. 31 ft. 33 ft. 31 ft.. 33 ft 

Sectional poles 700 872 1 079 1 130 1 394= 1437 1 607 

Stepped poles 674 851 1144 1 132 1473 1638 1648 

.For ordinary eentre-pole construction, on straight runs, the 
pole can be comparatively light and erected vertically. In span- 
wire or side-hraeket work and on all curves it is necessary to give 
the poles a rake in the direction to oppose the pull on them, 
whether due to dead-weight, as in the case of very long projecting 
side-brackets, or to strain, as in the case of span-wires and curves. 
With span-wir^ and curves convex to the poles the strain is an 
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inward pull, while on curves concave to the poles the dead-weight 
a^d strain oppose one another, and the strain is the factor which 
must he reckoned with as the more powerful. Where span-wires 
are used the strain is very great if the spans are large and the 
wires strained up tight, and a rake up to one foot is sometimes 

The height of poles is regulated to ensure a minimum height 
for the trolley wire, in the centre of spans, of 20 ft., as prescrihed 
bv Regulation 5 (§ 909). unless lighting is to be done on the same 
noles (as is sometimes the case), in which event the height is m- 
ereased accordingly. Spans may not exceed 120 ft. under the 
same regulation, and the troUey wire is generally strained up to 
give a maximum dip of about 15 ins. in hot weather on the full 
^n On curves the spans are shortened, since the poles cannot 
eMily he stayed laterally, as other overhead lines can, and the dip 
is proportionately reduced. One rule is to allow a dip of | /„ of 
span at the average temperature. Poles are set in concrete or m 
Turned earth and stones according to the nature of the ground, 
in holes from 4 to 6 ft. deep, the base generally resting on a Mock 

Brackets are made of pipe and, where a bracket projects over 
6 ft it is generally necessary to put in a stay rod from the top 
of the pole; in the very long brackets used for side-pole construc- 
tion on a double track several stays are recLuired, runnu^ out to 
different points along the bracket. In many cases the troUey vnre 
is not su^rted by the bracket itself, hut by a steel we stitched 
between the pole and the end of the bracket. Such a method o 
‘ flexible suspension ’ does away with the jar as the trolley wheel 
passes the poles, which at high speed is an important matter. 

^ In apr-mira work stranded mild steel b^rer mres are 
employed, hung from poles on both sides of the street. 
IZvLnLiion of the correct amount of dip to allow ou 

is a somewhat complicated matter, especially on curves ; hut the 

main point is that the height of the trohey wire m the ^ 

span must not be less than 20 ft. at any tme. The more extreme 
tS cold and hot weather temperatures, the more carefully do 
details require to be worked out to avoid, on the one hand, exces- 
sive dip, and, on the other hand, excessive steam 

911 SuVnsion and Insulation of Trolley Wire (Tram^ 
wa^).— The wire has to he held in position over or near the 
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tracks, and insulated from its supports, while at the same time 
the arrangements for holding it must allow the trolley wheel or 
collecting bow to run freely past. The wire is therefore soldered 
to or clamped in grooved ears of gun-metal, shaped to fit the 
top of the wire accurately. The ears are held from above by 
special insulators which in their turn are fixed to the brackets 
or suspending wii*es; but in the case of bracket construction 
the system is somewhat rigid and apt to cause breakage, so 
the practice is often to suspend the ear flexibly, as mentioned 
above. If the collector is momentarily jolted off the wire the 
circuit is opened, and arcing occurs ; this wears away the wire 
and also destroys its temper. 

Special types of mechanically protected insulators have been 
developed as the result of experience in traction work, buOt up of 
compressed insulating material partially encased in a metal jacket, 
but with improvements in porcelain manufacture the latter has 
come back into use.* On curves two insulators are placed side 
by side and bridged across by a metal bar which carries the ear. 
Special types of ear are used for splicing the wire at a joint and 
for taking feeder connections. Anchor wires are attached to 
special ears where the strain is abnormal, and also at regular 
intervals to hold up the line generally, in case of a break at one 
point. Special 'section insulators' are used for isolating the 
^-mile sections into which the line must he divided [Regulation 6, 
§ 909], and at these points the trolley wire is connected to the 
section pillar containing switchgear, etc. Special frogs (points) 
and crossing fittings are also required in the trolley-wire circuit. 

912. The Overhead System on Tramways ; Collection of 
Current. — In Great Britain, the apparatus mounted on the car 
roof, for collecting current from the line and conveying it into the 
car, generally consists of a ' trolley wheel ’ carried by a long arm 
or ‘trolley pole,’ with a powerful spring pressing the wheel up 
against the trolley-wire; or, alternatively, of a sliding metal 
‘ how,' rubbing on a zig-zag or staggered contact wire, similarly 
actuated by springs. The trolley, either under-running or side- 
running, is generally used in British tramway practice; the 

* Atiiong the BeguLations ismedi hy the Mmister of Transpoit in the ‘ Statutoiy 
Bnlas and Orders ’ relafeing to particular nndertaMngs is one, No. XII., prescribing 
that ‘ Bach separate insulator . . . shall be tested not less frequently than once a 
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sliding how (§ 913) is usual on the Continent, and is coming into 
favour in this country. 

TroBeys may be either under-ruTining or side-r vanning, 
according to the position of the trolley wire in relation to the 
track; and various diameters, weights and shapes of groove are 
to be found. One and all of these are liable occasionally to jump 
off the line, especially at junctions and crossing places; and 
accidents have been caused by the trolley wire being fouled and 
broken. The trolley pole is made to swivel, both for adjusting 
itself to inequalities in the line and to enable it to be reversed at 
terminal points. It is of course essential, with any method of 
collection, that the wear should faU on the collector rather than 
on the conductor; the wear on the latter is reckoned at about 
1 7o annum, but depends on the wire used (§ 909). 

In their Report No. 23 (1933) the B.S.I. lay down, for 
guidance rather than as a compulsory standard, the dimensions of 
a British Standard Trolley Wheel Groove : — 

Width outside = 1| in. 

Depth = f in. 

Radius at the bottom of the V" = ^ in. 

Angle of Y-groove ~ 65® 

Safety precautions are laid down by the Minister of Transport, 
in the Memorandum already referred to, regarding the circuits in 
connection with the line current : — 

II. Oab Equipment. 

(8) All railings shall be connected with earth, except that those used by 
passengers in mounting or alighting from a carriage may be insulated if so desired. 

(9) All electrical conductors fixed upon the carriages in connection with the 
trolley wheel shall be formed of flexible cables protected by india-rubber insulatioii 
of the highest quality, and additionally protected wherever they are adfaoeut to any 
metal so as to avoid risk of the metal becoming charged. 

(10) The trolley standard of every double-deck carriage shall be electrically 
connected to the wheels of the carriage in such manner as either to prevent the 
possibility of the standard becoming electrically charged from any defect in the oon- 
ductois contained within it, or in the event of the standard becoming electrically 
charged to give a distinctive and continuous warning signal, recognisable both fay 
day and by night to the driver or conductor. 

Note. — IT his requirement will not apply to the trolley base on the top 
cover of double-deck oars. 

(11) An emergency oufe-oS switch shall he provided and fixed so sfcs to be 
amveniently reached by the driver in case of any failure of action of the controller 
switch. 
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Equipment: the Overhead System on Railways. 

CoUectlo»of 

Current.— Where the pressure exceeds 1 200 V on the line th 
third-rail system (§ 920) is not allowed in this country ’ and 
overhead construction must be used. Much of what appears in 
the preceding paragraph relating to this system on tramwavs 
obviously applies to the same system on railways; but in the 
latter ease: (a) higher pressures are generally used now, and stOl 
higher wUl be used in the near future; (6) even with these higher 
pressures, much greater currents have to be collected; (c) eoLc- 
tion takes place at far Hgher speed; and (d) for the time being 
the overhead construction is subjected to the smoke and dirt S 
steam locomotives. Examples and details of overhead construction 
are given in the foUowing paragraphs; but, as the method of 
construction is dependent on the method of collecting the current 
this latter is dealt with first. ' 

Although the employment of trolley-wheel collectors is excel- 
lent m Its proper sphere, it is unUkely that they will be used to 
any great extent on future railway work proper, as distinct from 
magnified tramways; but they are still used to a large extent on 
inter-urban Imes in the U.S.A., even for such high speeds as 
50 m.p.h. Thus trolley wheels 10 ins. in diameter were adopted to 
coUect current from overhead lines on the Oakland, Antioch and 
Eastern Ely. These wheels weigh about 10^ lb. each, and’ it is 
found that they keep smooth and do not give trouble by heavy 
arcing and jumping off the line, as was the case with smaller 
wheels originaUy in use. One wheel is found to carry 450 A for 
^ ^ hr., or 1 200 A momentarily without appreci- 

able heating, so that a aiugle collector suffices for a train of four 
or five coaches. 

At the present day, however, the bow or pantograph collector 
18 used almost exclusively for railway work with overhead con- 
struetioiL aince it cannot in any circumstances jump off the line or 
foul at frogs or crossings. By having more than one collector 
very h^vy currents can he negotiated, and arcing due to vibration 
or passing on to a new section can be virtually eliminated. 

Iw coUeetor itself — so called because it is shaped like 
a strung tow. convex side upwards— consists of a framework, 
usua y o ronze, with a sliding contact surface consisting either 
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of a strip of aluminium or a ^pan' of steel about 6 ins. wide. 
The contact piece is made of sufficient length to distribute the 
wear, which is often taken on longitudinal copper strips instead of 
on the pan. In place of the rubbing contact so obtained, a rolling 
contact piece is often employed, for which purpose a steel tube of 
the necessary length, mounted on roller bearings, is used. Both 
require grease lubrication in plenty. The sliding contact has 
a normal capacity of about 150 A and a life of 5 000 miles, as 
against about 500 A and 15 000 miles for the roller. Far higher 
currents than these may, however, have to be collected. The 
special trolley wheels used on American inter-urhan lines will collect 
from 800 A during acceleration down to 300 to 500 at running 
speeds. With a single pantograph collector it is recorded* that 
up to 5 000 A was collected sparklessly at 60 m.p.h. at the Erie 
works of the General Electric Co. This is equivalent to 7 500 kW 
at 1 500 Y or 15 000 kW at 3 000 V, which is far beyond the re- 
quirements of any single present-day locomotive, even in America ; 
where the heaviest service yet planned would require two locos of 
5 000 kW each for a 6 000-ton train ascending a 2*2 7o gJ^ade, on 
the Yirginian Railway. These results are attributed to improve- 
ments in the flexible type of overhead construction adopted, con- 
sisting of loop hangers with a twin grooved copper trolley wire, 
supported from alternate points of a secondary messenger cable of 
steel (Fig. 402, facing p. 614). 

While a light spring-borne frame, comparable to a trolley pole, 
is sometimes used for light work, the ordinary method of support 
for the bow is by a more complicated pantograph construction 
The upward' pressure on to the trolley wire is obtained pneumati- 
cally, in opposition to a downward spring pressure which acts in 
case of air failure. The pantograph frame gives great lateral 
stability, which is entirely (and inherently) absent in a trolley pole. 
The considerable length of wearing surface on the collector, at 
right angles to the track, ensures a reasonable life and absence of 
grooving, which would rapidly cut it right through if the contact 
wire was not staggered (§ 912). 

914. The Overhead System on Railways ; Line Construc- 
tion. — Even the lightest pantograph structure, coupled with the 
weight of the actual collector, gives the whole apparatus such 


* Oenercd Electric Review (N.Y.), Vol. 18, p. 618. 
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considerable inertia that the contact wire cannot be allowed to sag 
as on a tramwa 7 , or there would be constant makes and breaks 
and arcing. In any ease, where a large amount of power has to 
be collected at high speed, and perhaps at high pressure also, as in 
the case of electric railways, any^ appreciable dip on the contact- 
wire is objectionable ; it is therefore the practice to run ‘ messenger’ 
wires, and to suspend the line conductor from them by frequent 
hangers of such lengths as to ensure its being practically horizontal 
throughout {see Fig, 405, § 915). There are several varieties of 
this ‘catenary construction.’ The simplest consists of a single 
bearer or messenger wire vertically over the conductor ; a better 
mechanical construction is obtained by two such wires in the same 
horizontal plane, with the conductor forming an equilateral triangle 
below them; another method is to attach the contact-wire to 
a horizontal wire, itself suspended from a catenary. With all such 
arrangements there are difficulties due to changes of temperature 
affecting steel and copper wires differently, and various devices for 
keeping the conductor under constant tension have been used. 

The Advisory Committee of the Ministry of Transport, in its 
Final Report, recommended the following clearances : — 

The standard clearances, after allowance has been made for curvature and 
siiper-elevation, including any movements of the live wire or conductors and lateral 
movements of the collectors, under any circumstances likely to arise, shall be : 

{a) Between the underside of any overhead live wire or conductor and the 
msLximum load gauge likely to be used on the line : 

(1) In the open, S ft. 

(2) Through tunnels and under bridges, 10 ins. 

(h) Between any part of the structures and the nearest point of any live over- 
head wire or conductor, 6 ins. 

(o) Between rail level and overhead conductors : — 

(1) At accommodation and public road level -crossings, IS ft. 

(2) At places where there is a likelihood of men in the conduct of their 

duties having to stand on the top of engines or vehicles, 20 ft. 

(d) Between any part of the collector gear and any structure, 3 ins. 

The contact wire, as on tramways, is grooved to enable it to be 
gripped mechanically. It may be of hard-drawn copper, silico- 
bronze or cadmium-copper (for the properties of which see para- 
graph 909 above), and galvanised steel has also been used (on the 
Lake Erie and Northern Railway, Canada),* see paragraph 917. 

The hangers or droppers are placed sufficiently close together 
— 10 or 15 ft. — to ensure keeping the contact wire practically level ; 


The Railway Engineer^ Jime, 1923, p. 227. 
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and they are flexible enough to allow the requisite vertical move- 
ment of the contact wire as the collector passes under the points of 
support. The catenary wire may sag up to 2 or 3 7o of the span ; 
it is suspended between bracket arms, gantries or girders from 
100 to 200 ft. apart, and insulated from them but not from the 
contact wire. Where the current is very large, the messenger 
wire may also be of copper, in parallel, with the other. Where the 
number of parallel tracks to’ be dealt with would involve very long 
cross-girder supports, the ' cross-catenary * system may be used, in 
which the messenger wires are hung from transverse span-wires 
supported, with considerable sag, between towers at the side of the 
track. The double sag involves higher towers as a set-off against 
the absence of a girder structure, but gantries are required for 
anchoring the overhead wires at intervals, so as to localise the 
effects of a break and prevent any appreciable sag in the contact 
wire. To obviate the swaying of the contact wire, the messenger 
wire is held by horizontal steadying wires at intervals. On curves, 
owing to the super-elevation, the collector will be tilted towards 
the inside, and the contact wire must be located accordingly. It is 
invariably staggered alternatively on either side of the centre line, so 
as to ensure even wear on the collector and absence of grooving — 
which, however, cannot be altogether avoided: about 18 in, total 
play is generally allowed. (This applies equally to tramways 
employing this system.) The insulators are of porcelain, the 
suspension type being generally used for high pressures, with 
several units connected in series at each point of support. Figs. 
403 and 404 * illustrate light bracket arm and light girder con- 
struction respectively, and Fig. 405 shows heavier girder work. 

Special construction has to be adopted in tunnels and under 
low bridges, where the headway is reduced ; it may even be 
necessary to lower the roadway foundation level. Under a bridge 
a dummy section can be used, to keep the bow out of trouble, but 
this is inadmissible over any appreciable length as it might result 
in stalling a train. With high speeds, the contact wire must be 
brought very gradually down from its normal level to any required 
lower level, about 1 7o being the highest gradient for pantograph 
collection. 


■* These illustrations, and also Fig. 402, are from piiotogiaphs kindly supplied by 
tbe General Electric Beview, Schenectady, IST.Y. 
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In connection with the overhead construction, reference 
ah-eady been made in § 372 (3), Vol. 1 (5th edition), to the use S 
high-speed circuit-breakers for sectionalising the line in localiH^ 
subject to severe lightning storms. This application was developed 
on the Natal Railways, after lightning arrestors had been found in 
capable of dealing with the situation in time to prevent the follow 
through power are burning out the insulator clamps.* 

Sons Examples of Electric Railwavs with Overhead 
Construction. 

9IS- A Suburban Line. — As an interesting example of a D C 
suburban line the Bombay, Baroda, and Central India Railwav 
may be cited. Some 20 route miles, mostly of double track (with 
a certam amount of 4-track), totalling 57 track mUes, have been 
converted from steam, m order to quicken up tke 80 minute iour 
ney between the terminus in Bombay and Borivli. Particulars 
of the power supply for this work were given in pararaph 868 
and by tlm courtesy of the Electnoal Review and Callender’s 
Cable and Constru^on Co. the following description and iUustra- 

trr® description of the rolling stock, see the 

Electrical Review, Vol. 102, p. 807. 

The traction line equipment follows normal practice and 
consists of an overhead contact wire of 0-25 sq. in. sectional 
ar^, supported hy droppers at intervals from a stranded copper 
catena^ of 0-375 sq. m., giving an area of 0-625 sq. in. per track; 
the cable, in turn, is suspended with double insulators from steel 
stmctures spaced normally 220 ft. apart, the return circuits being 
Via tne bonded track rails. ® 

The lattice steel-work was so designed that equipment for aU 
rtacks spanned can be supported in the event of remaining lines 
Wg electrified at some later date. The catenaiy is supported at 
each stmeture by a two-disc suspension insulator of specfd design, 
hieh, m tu^ is bolted to a movable plate attached to the lower 
the OTerhfij^ ^ bolts; this arrangement enables 
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the operation of a crane. The catenary, when fully loaded with 
contact wire and droppers, sags 6 ft. at 85^ F. with no wind and a 
span of 220 ft. In each span a 0T5 sq. in. flexible copper bond 
tetween the catenary and contact wire prevents current flowing 
through the droppers, and all fittings in direct contact with live 
equipment are made of gun-metal containing 80 7^ copper. The 
contact wire is 17 ft, 6 ms. above rail level and is staggered 9 ins. 
alternately to each side of the track at structure positions to 
prevent concentrated wear of the pantograph. 

Every mile of equipment is rigidly anchored, two stmettires 
being used for this purpose, and at these points catenary and 
contact-wire adjusting links are provided; these overlap spans 
isolate each mile of equipment in the event of mechanical failure, 
and the system is also sectionalised electrically at certain overlap 
positions by rapid-action air-break switches mounted on extensions 
of the steel structures and operated from the ground level by hand. 
To guard against nesting birds creating short-circuits,* the system 
has been provided throughout with special insulation, cross-arms 
and the like being protected by impregnated teak planks supported 
on porcelain troughs and connections of ‘Ancalite’ insulated 
cable. 

On single tracks, cantilever structures with extension brackets 
carry the cross-span construction ; on curved track, pull-off masts 
erected in mid-span positions register the contact wire over the 
centres of tracks ; sidings are equipped with a steel catenary in 
place of copper, the other equipment being the same as for running 
tracks. An example of the special means adopted for carrying 
the overhead equipment beneath low overbridges is the termination 
of the catenary on each side of the bridge on end-strain insulators 
and bonding it by means of 0*375 sq. in. ‘Ancalite’ cable carried 
underneath; the contact wire is suspended by small single-loop 
droppers from a l-in. diameter steel tube running the whole width 
of the bridge and insulated by means of inverted pedestal insulators 


*Thls is no fanciful danger. The Indian Telegraph Department has in its 
museum a complete crow’s nest, made of cut ends of telegraph wire, and another of 
spectacle frames — including some gold ones — ^for the apparent theft of which a shop 
assistant got into trouble. In both cases these were built on tel^raph lines, which 
were ^ort-cimuited. Grows ha-ve made similar attempts on overhead power lines 
and have compelled the railway authorities in Bombay to add bird guards on all 
their 1 500- Y track equipment. 
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tor to ,t»I oh.o.d, „„ tho „„J„ .id. „t ji. 

Approximately 2 000 tons of steel and 500 tons nf ... 
uaed for the overbad .iooe md till tofol T'’**'’ 

22 000-o„I. ,roder^r„„d o^bl. s.ppl..d 

all wire, with the exception of the steel catenary wJef t ' 

breaking stress of 60 tons per sq. in. was hard^.ir ® 

a breaking stress of 24 tons per so in* THa a 

tration shows various types^of Suinment^ 

io a ™w ot tb. Andbir^ri, “ 

catenaries at the entrance to the ‘staWino-’ s'ri- 

22 -kV transmission line. ^ and also 

916. Another Suburban Linp Ac « a xu 

sifo«rb«n line, mth ..bicb sI<io th« writer is fornffisrS' Gral 
^dan PeiiijBul.t lUilwsy o»y bs takon, as tb. mafoita is n™ 
abso m process of eonrersion (SS gift and q9fil Th ■ f 
on Bombay Isfond w., ... JlSl " 825 "L S 

™r«2: 

“itial scheme comprises the electrification of the 9 mile 
harbour branch of the O T P T? tt* x y-mile 

K’nvia ’X 1 ‘ *^* V^ictoria station torminn*? tn 

Blty"^'ad“X.te 'T''"" “ 

barboJ brlbisXsIu” ."sT,'’””"®”. T®'’ “ ““ 
carriafPA r.f smau, as the line is used chiefly for the 

throu|hwL*hlfe the docks, but ^he area 

ImpS^emit Smt™® T' developed by the Bombay 

by th^oU Stion o^ T terminus 

that .ceded for^sf-i^'^™ foood to be considerably less than 
in* np to the riSortr^Sr “■ 

Energy is piu-chased from the Tatn O. T,ri, u i i 
stations (88 241 2421 are «, -+,^+17 lata Co., whose hydro-electric 
i-SS , di 42 ) are situated some fifty miles off in the Western 


'SI. JSev., Tol. 96, p, 260. 
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Gliats, and is transmitted at 100 000 Y, 50 cycles, to receivmg 
stations at Dharavi and Kalyan, while a receiving station at Parel 
is used mainly for supplying cotton mills. The voltage is stepped 
down to 22 000 V at the receiving stations, and the power is 
transmitted to the Wadi Bunder and Kurla i^ailway sub-stations 
from Dharavi by means of 3-core cables, and from Kaljan by 
overhead lines to Thana and Kalyan. It is also intended to supply 
power to the workshops at Matunga and Parel. The metering for 
the Kurla and Wadi Bunder sub-stations will be done at Dharavi, 
whde the supply to the Thana and Kalyan suh-stations will be 
metered in the stations themselves. In order to obtain the 
simultaneous maximum demand of all the sub-stations, which is 
necessary for purposes of payment for power consumed, the meters 
are of the printometer type, synchronised by clocks. 

The 22 000-V cables from Dharavi to Wadi Bunder and 
Kurla are an duplicate, being paper-insulated, lead-covered, with 
single- wire armouring and laid direct in the ground. 

In the first instance, sub-stations have been provided at Wadi 
Bunder and at Kurla, each containing two 2 500-kW rotary con- 
verters for supplying the harbour branch : for the suburban ser- 
vice on the main line two sets of the same capacity will be installed 
at the Thana and Kalyan sub-stations, and one additional set will 
be installed at Wadi Bunder and at Kurla, which arrangement will 
provide a spare set in each sub-station under normal conditions. 
Each 2 500-kW set consists of 750- V machines coupled in series, 
giving 1 500 V D.C., and has been specially designed with high 
overload capacity for short periods ; protection against short cir- 
cuits is provided by high-speed circuit-breakers. 

Auxiliary transformers are provided in the sub-stations step- 
ping down from 22 000 to 2 200 Y for supplying the railway 
stations and yards by means of a 3-phase overhead line carried on 
the track structures. Both the 22 000- and 2 200-V switchgear is 
armour-clad, compound-filled, and manually operated, with single 
bus-bars, while the 1 500-V B.C. switchgear is mounted on a steel 
framework with stonework partitions. 

The new harbour branch rolling stock is of the all-steel type 
designed by Messrs. Robert White & Partners (Fig. 406). The 
width of the 68-ft. long coach is 12 ft., being the new standard 
dimension adopted by the Railway Board, and all internal 
fittings were made at the railway company’s carriage workshops 
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at Matunga. The eight-coach train has a seating capacity of 874 
passengers. 

For the main-line suburban service a large number of available 
passenger coaches of modern design have been equipped for use as 
trailers, with new motor coaches . 

Normally trains of eight coaches will be run consisting of two 
units, each comprising one motor coach and three trailers. For 
the present thirteen units have been provided at a cost of £254 000, 
with which it is proposed to provide a service totalling 350 000 
train miles per year. Each motor coach is equipped with four 
motors of 27 5 h.p. on the one-hour rating, two of which are con- 
nected permanently in series to allow for pairs of motors being 
controlled on the usual series-parallel system. During the mon- 
soon period the tracks may be flooded to a depth of 2 ft. 6 ins., 
and consequently the motors had to be so designed as to enable 
them to run totally enclosed for short periods ; the arrangement 
comprises valves on each end of the motor which can be turned 
by means of a special spanner. The motors are carried in the 
ordinary way by suspension bearings on the bogie axle and by a 
nose supported on springs (Eigf. 407). 

The control is the all-electric cam-shaft system developed by 
the English Electric Co, A motor-generator supplies power at 
120 Y for the control circuits, lighting, and fans. Yacuum brakes 
are used, and the two pantographs per motor coach are arranged 
for vacuum operation so as to avoid the necessity of a separate 
compressor. The sanding gear is of the gravity type, controlled 
by electrically-operated valves. 

Direct current at 1 500 Y is collected by the trains from over- 
head equipment of the single catenary type. On those parts of the 
route where there are four tracks, and the preliminary electrifica- 
tion requires two tracks only, the steel structures are designed to 
span all four tracks in order to reduce the additional expenditure 
required at a later date (i,e. for the main-line tracks). Also, 
it has been found necessary to have special structures with a span 
of 129 ft. in certain cases where it is impracticable to place inter- 
mediate supports between tracks. The normal spacing of the 
structures throughout is 220 ft., and intermediate pull-ofis are 
used on curves having less than 4 800 ft. radius. Anchor atrue- 
turea approximately half a mile apart are arranged so that the 
catenary and the contact wire overlap for a length of one span. 

620 




Fig. 407. — Motor bogie : Bombay Suburban Semce. 


[To face page 620. 




ELECTRIC TRACTION 


§ 9*7 

The catenary and contact wires are anchored rigidly, no automatic 
tensioning arrangements being provided, and double insulation is 
used throughout. The catenary has thirty-seven strands of 0T15 
iu. diameter copper, and the contact wire is of the grooved type 
having a section of 0’25 8 ( 5 ^. in., giving a total copper section of 
0*625 sq. in. pe^: track. The formation of ‘ hard spots ^ due to the 
action of the pantographs is to some extent prevented by the heavy 
lype of contact wire used. 

Special cranes were provided, and construction trains, consisting 
of out-of-date passenger stock, were fitted up in the railway com- 
pany’s workshops for use in the erection of the overhead equip- 
ment. Working platforms were built on the tops of the coaches, 
while the interiors were utilised as foremen’s offices and stores. 

The return current passes through the running rails, which 
have two bonds per rail joint of the solid-head type expanded into 
holes in the web of the rail, installed underneath the fishplates 
in order to prevent theft. The fishplates are of a special design 
in order to give the required clearance. 

It was found possible to place the contracts for the whole of 
the plant in Great Britain, 

917. Light Overhead Construction with Steel-cored Alu- 
minium Cables. — By way of contrast to the preceding descrip- 
tions, Fig. 408 * shows the much lighter pole and overhead work 
on the Lake Erie and Northern Railway in Ontario ; a 1 500 V 
D.C. line, the traffic consisting of an hourly passenger service 
over fifty miles, together with a heavy freight traffic at night, 
with trams made up of ten or more thirty-ton freight cars. A 
novelty is the use of a steel contact wire. 

The general nature of the track construction is shown in Fig. 
408, the catenary being carried on cantilever brackets mounted on 
rough-hewn wooden poles. A single catenary is employed, and 
excessive side swing of the contact wire is prevented by flexible 
steady braces used at every fourth or fifth pole on tangent track 
and at all poles on curves, these braces permitting free vertical 
movement of the contact wire, but preventing horizontal dis- 
placement. 

W hil e this type of pole construction may not he applicable to 


* The Railway Engineer, June, 1923 : ‘ A Modem System of Overhead Bail- 
way Track Construction.’ 
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the conditions of British raUways, the novel features of the co + 
system itself are worthy of careful consideration, because, not f 
did the system adopted show marked economies in first cost ° ^ 
other systems considered, but also it promised many advantavr-’' 
operation which, as far as can be judged from sis years’ working 
have been borne out in practice. 

The main difference between the overhead track construetin 
adopted in this case and that in other instances lies in the use f ° 
the main catenary of a steel-cored aluminium cable of the tvw 
now common for long-distance transmission schemes The caH 
consists of sixty-one strands, each OTll 8 in. diameter the seven 
innermost wires being of high tensffe steel, and the three outer 
layers (fifty-four wires) being of aluminium. 

It should be remarked that the principal advantage of this tvue 
over copper for power transmission lines is its substantiaUy W 
cost. At the same time, steel-cored aluminium cables are stronger 
and lighter than copper cables of the same electrical resistance 
and the sag under any particular conditions will therefore be 
smaUer. This enables the average span length to be increased 
leading to further economies on towers, insulators and erection’ 
In view of these proved characteristics of steel-cored aluminium 
for power transmission lines, it becomes of importance to examine 
their possibilities for railway electrification, and the pioneer 
installation by the Lake Erie and Northern Raflway forms the 
basis for some general conclusions. 

The three layers of aluminium wires surrounding the steel core 
entirely protect the latter from corrosion, while the aluminium 
wires themselves are as resistant to corrosive influences as are 
copper wires. It is necessary to lay stress upon this point because 
m other applications, the presence of hi-metallic contacts is well 
mown to give rise to the^ possibility of corrosion. A junction be- 
tween copper and aluminium, for example, rapidly deteriorates 
w en exposed to moisture, and so does a copper-iron or copper-zme 
jimetion Between aluminium and iron, however, the electro- 
chemical potential difference is small, and between aluminium and 
galvanised core of a steel-cored aluminium 
cable ^e electro-chemical voltage is smaller stffl. This, combined 
with ^e fact that the close bedding of the aluminium strands 
r^d the wre, which largely prevents moisture from entering, is 
the probable explanation of why no trouble has been experieLed 
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.Vith corrosion either dnring the six years of operation of steel- 
Ived conductors on this railway or during much longer peri<^s of 
-■noBure of such conductors on power-transmission Imes. Much 
*^rLtical evidence to this effect is extant, and it can he accepted 
Without question that steel-cored aluminium cables have the same 
very important advantage over plain steel m respect of non- 
corrodibility as homogeneous non-ferrous catenaries. 

Over a copper catenary, on the other hand, a steel-cored 
aluminium catenary has the advantage of lightness, which often 
t«rmits the whole of the electrical conductance reqmred to ob- 
Sined in a single cable without excessive weight. In this particular 
nSance the steel-cored aluminium catenary cable has a conduct- 
ance equivalent to approximately 0-33 sq. in cro^-seetion of 
Conner this being amply sufficient to carry the whole of the 
current It was therefore unnecessary to provide any great Con- 
stance in the contact wire itself, and in this system the contac 
wire is of galvanised steel, 0-155 sq. in. section. The resistance of 
is high in comparison with the steel-cored catenary, so that 
normally the current carried by the contact wire is extreme y 
BmaU When the coDector of a car passes, current flows from the 
catenary to the contact wire through flexible bonds which occur 
at intervals of 160 ft. The hangers, in between, wiU certainly act 
as feeder points to the contact wire, but the amomt of current 
carried by them is indefinite, and it may be assumed that con- 
tact wire is supplied through the definite feeding ^mts 150 ft 
apart. With tMs assumption, the maximum length of contact 
whe carrying appreciable current when a car passes will be 150 ft., 
and whS^fer the point of contact with the collector bow. no 
portion of this 150 ft. of contact wire will carp the 

bv the car It will be seen that when the collector bow is 

potato of ‘"f a! 

Wire on either side will carry half the current, and that, as the 
collector passes along, the current in the preceding por 10 ns 
tact wire^ increase and that in the receding portions ^ecr^ 
Thus any one point in the contact wire carries curpnt only d-pmg 
tJen for the collector bow to pass along a d^tance 
S iK; which. 30 ta, i. Ctay 3 4 ™ 

during this short period the current rises to a peak 
This explains why, in spite of the comparatively 
per collator, the steel troUey has proved entirely satisfactory. 
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The advantage of a steel contact wire is that not only ig it 
considerably less costly than copper, but its rate of wear is far 
smaller, and it has a low coejBScient of expansion which is of very 
considerable importance. It is true that a steel contact wire is 
subject to a greater rate of corrosion, but no trouble due to this 
has yet been experienced, and it would appear that the steel con- 
tact wire gives promise of longer life than copper under similar 
circumstances. 

In Fig. 4Q9 is shovm the method employed for bonding the steel- 
cored catenary and the contact wire. It will be seen that a short 
length of flexible copper strand is sweated into an ear on the 
contact wire, the other end being bolted into a single clamp on to 
the catenary cable. 



Fig. 409. — ^Meciiod of bonding contact wire to feeder catenary. 


It is well known that, in spite of the vastly different physical 
properties of the two metals employed in a steel-cored aluminium 
cable, such a cable, when strung between supports, operates in the 
same way as would a homogeneous cable having certain values of 
coefficient of expansion and modulus of elasticity derived from the 
actual values for the component metals. This is due to the fact 
that relative movement between the steel and aluminium strands 
does not take place, owing probably to the very high frictional 
contact which exists between the strands when the cable is under 
tension. Thus, a steel-cored aluminium conductor of the type 
used on the Lake Erie and Northern Railway expands and con- 
tracts uniformly with changes of temperature, the coefficient of 
expansion being O'OOQ 010 5 per deg. Fahr. The coefficient of 
expansion of copper is 0*000 009 5 per deg. Fahr., and that of steel 
0*000 006 4, In view of these figures, it would appear that the 
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variations in sag with changes of temperature would be greater 
with steel-cored aluminium than with either copper or steel, but 
this is not the ease. It must be remembered that any increase in 
temperature causes a reduction in the tension on the catenary 
cable, and hence a reduction in the elastic stretch of the cable. 
An increase in temperature therefore causes (1) a thermal ex- 
pansion, depending upon the coefficient of expansion, and (2) an 
elastic contraction, depending upon the reciprocal of the modulus 
of elasticity. Now, the modulus of elasticity of the composite 
cable is 13 800 000 lb. per sq. in., while that of steel is 30 000 OOO, 
and that of copper 17 500 000 lb, per sq. in. Hence, while the 
thermal expansion of steel-cored aluminium is larger, the elastic 
contraction is also larger, and the net result is that the change in 
sag with a steel-cored aluminium cable is considerably less than 
with copper and approximately the same as, or a little greater than, 
that with steel. 

On the whole, therefore, besides being considerably cheaper in 
first cost, the use of a steel-cored aluminium catenary and a steel 
contact wire would appear to have special mechanical advantages 
making it very suitable for long span construction, and at the 
same time the maintenance charges are smaller owing to the 
elimination of corrosion troubles on the catenary and of rapid 
wear on the contact wire, 

918. Example of D,C. Main Line. — The initial suburban 
electrification of the Great Indian Peninsular Railway is described 
in § 916 above. Subsequent stages of development were the elec- 
trification of the main line from Bombay to Elalyan Junction (33 
miles), this being also part of the suburban system ; and thence 
forking up the Western Ghats to Igatpuri (52 miles) on the 
Calcutta line and to Poona (85 miles) on another ; or 170 route 
miles in all. The continuous rise from Kalyan to the summit of 
the Ghats amounts to nearly 2 000 ft. on both branches, and 
tunnels are plentiful. Until recently it was necessary to employ 
a reversing station at one point, but by a realignment (before 
electrification began) this was obviated. Climatic conditions are 
severe ; very heavy continuous rainfall is met with in the higher 
ground during the monsoon, and a sun temperature of over 160®,* 


* Tte writer kas drawn scalding water from bis office ‘ (sold ^ tap at 164° in 
Oaksutta, tbe pipe froni the roof fcanh: running across the flat csonorete roof in the 
full sun* 


TOIi. III. 
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with, frequent thunderstorms. Power is obtained from a steam 
generating station near Kalyan, without interconnection with the 
transmission lines of the Tata Co.'s hydro-electric stations close by 
The railway is a State line, and through the courtesy of the High 
Commissioner for India and the India Store Department a brief 
account of the work follows. 

Power is delivered to 11 substations at 50 cycles and from 
95 000 to 110 000 Y hy duplicate overhead lines, each double- 
circuit (6-wire) from the power-house to Kalyan and single-circuit 
thence to Poona and Igatpuri — 271 miles of circuit in all. Steel- 
cored aluminium cables, of an ultimate strength of 7 38 7 lb, aud 
equivalent to OT sq. in. of copper in conductivity, are used, to- 
gether with a steel earth conductor, the normal spans being 
700 ft. The disc suspension insulators are built up to 45 ins. 
overall length and are supported by cross-arms on steel towers 
from 63 to 81 ft. high, the factor of safety of nearly every part 
being 3 under specified conditions * of loading and weather. The 
minimum clearance allowed between any wire and the ground on 
this line is 20 ft. on the level at the highest temperature, with a 
normal height of 23 ft. ; and each circuit is transposed once in sis 
miles. Steel-cored aluminium cables are discussed in the preceding 
paragraph. 

There are 11 rotary converter substations and 11 track 
sectioning cabins above Kalyan. At the substations the 3-phase 
supply is stepped down and then converted to D.C. at 1 500 Y 
for delivery to the contact wires. In all 26 converter sets of 
2 500 kW are installed, each consisting of two identical 750 V 
machines in series, capable of workmg regeneratively from the 
descending freight trains. The converters are started by means 
of starting motors, semi-automatically, and certain of the sub- 
stations are arranged for remote control from other stations. 
Each rotary has its own 3-phase transformer of the outdoor 
type, od-immersed and self-cooled, with graded end turns, the 
whole weighing 50 400 lb. without the oil. Bus-bars for 3 500 A, 
with isolating devices, high-speed circuit-breakers (0*005 to 0*008 
see,), and instruments are supplied with each converter. There 


* Minimiim factors of safety and other requirements are prescribed in the Rules 
under th® Indian Electricity Act, vide The Law Relating to Electrical Energy m 
India^ fonrfeh edition (Thacker’s Press and Directories Ltd. ; Calcutta and London). 
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are also 42 sets of feeder switchgear and 15 sets of bus-bar 
sectioning equii^ment in the various substations; a 110-V battery 
of 300 Ah capacity at the 10-hr. rate for each, together with a 
10 H.P. charging motor-generator; cables, switchgear, an air 
compressor, lifting tackle and truck, and lightning arresters. In 
addition, the automatic stations have special gear for performing 
all operations from start to finish, and the corresponding control 
apparatus is installed in the others. These operations include 
closing and opening the 110 000- V circuit -breakers and their 
isolating and selecting gear and also the control devices for the 
automatic operation of the converters, etc., with indicators to show 
that each operation is duly carried out. 

The 11 track-sectioning cabins, with 44 equipments, are placed 
midway between the substations controlling them. Each separate 
equipment contains an automatic polarised circuit-breaker and 
accessories for sectioning the track conductor and re-closing an 
opened section, while indicating the result of each operation at the 
control point. Each cabin also contains a bus-bar sectioning 
device, remote controlled. 

The line comprises 334 miles of single track, equipped on the 
overhead system, with rail return. The track structures are 
ordinarily 220 ft. apart, with pull-off masts where required at 
curves, and span wire work at rock cuttings, etc. For single 
lines, cantilever arms are used, and for double and multiple lines 
girder construction similar to that illustrated in Fig. 405 is used. 
The control wires are carried on the towers, and in some places 
the transmission line also. From these structures a main catenary 
wire is suspended, with a maximum sag of about 7 ft., supporting 
an auxiliary copper catenary wire, from which the grooved, solid, 
hard-drawn copper contact wire is hung on droppers ; a stagger 
of 9 ins. each side of the centre being allowed on the straight and 
15 ins. on curves. On the main running tracks, using a copper 
main catenary, the equivalent copper section is 1 sq. in., while on 
other tracks it is 0*5 and O’S with steel main catenary. The con- 
tact wire is 0*3 sq. in. throughout. The upper droppers are spaced 
about 36 ft. apart, and those carrying the contact wire about 
18 ft. The normal height of the contact wire is 18 ft. above rail 
level, reduced to 14 ft. 10 ins. minimum in bridges and tunnels ; 
the maximum height at minimum temperature is 20 ft. 6 ins. The 
current to be collected at low speeds may be up to 2 000 A and at 
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top speed 750 A. Double snspension-type insiilatora are used for 
supporting the catenaiy, and the span-wire where used; and 
diabolo type tension insulators. Paper-insulated, armoured cables 
connect the line to the substations and track-sectioning cabins. 
The line is of Indian Standard broad gauge, 5 ft. 6 ins., with a 
maximum gradient of about 1 in 37 for a considerable stretch up 
the Ghats. British standard 100 lb. rails are used and also form 
the return circuit. The locomotives have already been briefly 
referred to in paragraph 872, but some further technical particu- 
lars may he added here.* 

For the passenger locomotives the leading details are as 
follows, hut the final type has not been selected at the time these 
sheets are printed ofiP : — 

Tractive effort at starting, and up to 36 m.p.h,, with full ex- 
citation and a pressure of 1 400 Y, 24 000 lb. 

Ditto at 70 m.p.h., with weak field, 6 300 lb. 

Three running speeds, up to 70 m.p.h., but design to be safe 
up to 85 m.p.h. 

Capable of starting a train of 450 tons (exclusive of loco) from 
rest, on a 1 in. 100 grade on tangent track. 

One loco has three twin, or in all six, box-frame motors of 
370 B.H.P. (1-hr. rating, B.S.I.) with a continuous rating for 
the complete outfit, with forced ventilation (4 930 cu. ft. / min.) 
and maximum excitation of 1 700 B.H.P. without exceeding a rise 
of 90° C. above an ambient temperature of 40° C. The other trial 
locos have separate, not twin, motors. 

Individual axle drive (quill and flexible) is used, with spur 
gearing, having a spring-mounted pinion in each gear train. 

Electro-pneumatic (50 Y) control for series, series-parallel and 
full parallel grouping, each with and without resistance. Maxi- 
mum reduction in excitation for speed variation is 35 by means 
of tap and shunt. 

Air-pressure brakes are fitted on the loco, but vacuum on the 
train, with the necessary air compressors and exhausters (both in 
duplicate) on the loco. 

Two pantograph collectors, with renewable contact strips to 


* S«e also description and illustrations in the Metrcy^olitaTh-YickBri Gcbs^U$, 
Ang., 30^. 
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allow for 15-in. stagger of the contact wire on each side of the 
centre, to collect up to 1 000 A each, operated by air pressure. 

Accessories include a 1*8 kW, SOY motor -generator for control 
and auxiliaries ; blowers for ventilating the motors ; and a 24-cell 
lead battery giving 100 Ah on 10-hr. rating and 100 A for 5 min. 

The overall length of these loeos varies from 52 ft. 2 ins. to 
56 ft. 2^ ins., and the weight is 102-|- tons — electrical equipment 
87 000 lb. and loco without this 142 000 lb. 

The freight locomotives are arranged for collective drive with 
side rods, and on the Ghat section, with continuous heavy gradients, 
two are mechanically coupled for hauling a train. Regenerative 
braking is used on the down journey (§ 900). Leading details are 
as follows : — 

Tractive effort at starting and at a speed of 18 m.p.h., with Ml 
excitation and a pressure of 1 400 V, 50 OOO lb. 

Ditto at 28 m.p.h., 17 000 lb. 

Three running speeds, up to 35 m.p.h., hut design to be safe up 
to 45 m.p.h. 

Capable of exerting continuously any T.E. up to 45 000 Ih. at 
4 or 5 m.p.h., with 1 400 V on line, without damage to any part. 

Capable of starting a train of 500 tons (exclusive of loco) 
from rest on a 1 in 35 gradient on a straight track, and of attain- 
ing a speed of 18 m.p.h. in 3-| mins., under a pressure of 1 400 V ; 
this to he repeated after 5 mins, without overheating the resistances. 

Capable of exerting a retarding force of not less than 45 000 lb. 
by regenerative action alone, at IS m.p.h., with any line pressure 
from 1 350 to 1 TOO V. 

Each loco has four box-frame motors of 650 B.H.P. (l-hour 
B.S.I. rating), with forced ventilation (3 500 cu. ft. / min.) with 
the same maximum temperature rise as the passenger locos. The 
body is mounted on two bogie trucks, each having three driving 
axles (with 4 ft. wheels) with coupling rods actuated from a jack- 
shaft by means of a single connecting rod at each side. The 
gearing includes a flexible helical pinion. 

Control and mechanical brakes are as on the passenger Ioccks, 
but with regenerative braking gear added. Duplicate pantograph 
collectors are as on passenger locos, and accessories also. The 
overall length of each loco is 62 ft.; weight without electrical 
equipment, 155 300 lb.; weight of equipment, 109 0001b.; total, 
118 tons. 
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919. Alternating* Current Railways with Overhead Con- 
struction. — Electric rail^v^ays, both single-phase and polyphase, are 
becoming so plentiful that description must be confined to brief 
mention of instances which are out of the common on account of 
conditions to which steam would hardly be able to stand up. The 
fuller descriptions of D.C. lines above suffice to show the general 
trend of modem practice in countries under the British flag. 

What is said to be ‘ The World’s Largest Electric Locomotive ’ * 
is an A.C. one on the Virginian Railway system (U.S.A.). It is 
built up in three articulated sections ; has an overall length of 
152 ft„ and weighs 687 tons. The motors aggregate 7 125 B.H.P. 
and each has mounted at each end of the shaft a pinion which 
meshes with a flexible gear ; the gears are mounted on a jack-shaft 
the power being transmitted from the gear centres to the drivers 
by means of side rods. The loco transformers are designed to take 
either 11 000 or 22 000 V from the line, and regenerative braking 
is used. 

Single-phase . — The Loetschberg Railway (Switzerland) is a 
good example of a line dealing with heavy traffic. f The steepest 
gradient is 1 in 37 and the line rises about 3 000 ft. A steel 
catenary wire is carried on lattice girders [similar to the construc- 
tion illustrated in Fig. 405 (§ 915)] and supports a 16 000- V trolley 
wire of 0T55 sq. in. section. The heaviest locomotives in use are 
able to travel up the above grade at 31 m.p.h. with a total load of 
560 tons. The loco has six driving axles, as well as leading and 
trailing axles, weighs 142 tons, and is 66 ft. long. There are 12 
motors, 16f cycles, of 375 B.H.P. each, or 4 500 B.H.P. in all, based 
on 1-hour rating; they are coupled in pairs in series, and are 
supplied from the line through transformers. The gear ratio is 
5*87 to 1, and a new form of quill drive is used. 

Three-phase . — Italy has specialised in 3-phase railways, of 
which a number have been built and supplied from her hydro- 
electric works, from 1902 onwards. Most of these employ 3-phase 
energy at 3 000 V, 16f cycles; but the Rom e-Tivoli line is supplied 
at 10 000 V, 45 cycles. Gearless induction motors are for the 
most part used, either with plain cascade (2-speed) or with cascade 
combined with pole-changing (4-speed) arrangement; for goods 
traffic and the steeper gradients the standard speeds are 15^ and 


* Jmr, Amer^ July, 1925, p. 755. 
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31 m.p.h. and, for express work, 23, 31, 46 and 62 m.p.h. Gradients 
of % are plentiful, and on several lines ^ is found. A double 
trolley line with plain, not catenary, suspension has hitherto been 
used, but it is doubtful if this will be retained much long-er. Re- 
generative braking" and control is of course used, and was, in fact, 
the chief reason for adopting 3-phase working. 

For heavy service the locomotives * weigh 75 tons (15 tons per 
axle) and are equipped with two 1 400 B.H.P. asynchronous motors, 
fed Erectly from the line at 3 600 Y, 16| cycles. The motors drive 
the middle axle, which is coupled to the rest by connecting rods. 
They can operate on 12 or 8 poles and in cascade or parallel, a liquid 
rheostat being used for starting. Auxiliary plant on the loco is 
worked from a transformer at 100 V, and includes an electric 
boiler for the steam heating of the carriages. The highest eflSciency 
of the motors is 97 % and the power factor on parallel working is 
also 97 %. 

Mowntain Railways . — Many of the funicular railways, giving 
access to mountain peaks to those too lazy to climb, are worked 
electrically, and practically on the counterbalance system, the 
descending ear regenerating most of the power required by the 
ascending one. The majority of such lines are dependent on tourist 
traffic entirely. In India, however, there are a number of mountain 
railways serving the hill stations where "the notorious people go 
when it gets too hot for them in the plains,’ as the schoolboy 
happily expressed it. These lines have not only a regular passenger 
traffic but also, in many casas, considerable freight carriage in 
such goods as tea and coffee down hill and merchandise for the 
terminal towns upward. As water power is almost always handy 
in these localities, these lines are certain to be electrified sooner or 
later, and the writer (Mr. Meares) reported on several of them. 
The rise is of the order of 5 000 to 8 000 ft., the gauge from 2 ft. 
to metre, and the whole track a succession of curves of small radius ; 
in one instance (the Darjeeling Railway) the line makes two com- 
plete concentric spirals as it winds up the hill. Of these the 
Nilgiri Railway (Madras Presidency) offers some special points of 
interest, and its conversion has been under discussion since 1 906. 
The line is 28 miles long and rises 6 300 ft., mostly in the middle 
12 miles up to Coonoor, where the Aht rack is used on the 8 


El. Rev., Apiil 6, 1923. 
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gradient. The curves are mostly 328 ft, radius and the gauge is 
metre. Multiple unit trains were recommended, enabling the steep 
section to he climbed without the use of the rack, the coejfficient of 
adhesion (§ 890) being 195 000 / 17 800 - 11 , as against a safe 
figure of about 7. Most of the freight up to the hill stations served 
is still carried by the primitive bullock wagon, owing to the high 
rates charged by the railway, but it was found that with the traffic 
then existing there would be a direct saving due to hydro-electric 
over steam working, amounting to 13 % of the then fuel bill* 
while with the increased traffic expected by the railway authorities, 
this would have risen to 56 Water power is found in abundance 
close to the line, and is now being developed (at the Pykara falls) ; 
so the railway will doubtless he electrified at long last. 

919A. Kandd System of Single-Phase Traction.— While 
this hook was in the press, work was proceeding on the electrification 
of the Budapest-Hegyeshalom section of the Hungarian State Rail- 
ways, using the Kando system, in which locomotives are driven by 
polyphase induction motors supplied, through a phase-converter on 
the locomotive, from a single-phase overhead line at 16 OOO V, 50- 
cycles/sec. This system permits the traction supply to be taken at 
the industrial frequency from the ordinary transmission network, 
thus increasing the diversity factor (§ 262, Yol. 1 ) of the load on 
the central station, and enabling the traction load to he served by 
the combustion of low-grade fuel under the most favourable condi- 
tions possible in power stations at selected sites, e,^. in the mining 
districts. The principal features of this electrification are as 
follows * : — 

A steam-eleccric po\ver station of 100 000 H.P. capacity supplies about 100 miles 
of 110 kY, 3-pli. transmission line with, substations for general supply at Budapest 
and Gyor, About 118 miles of railway between Budapest and Hegyeshalom is 
electrified, with 4: traction substations, 323 miles of trolley wire, and 36 electric 
locsomotives, each of 2 500 H.P. The equipment in each substation includes two 
4 000 iVA, 110 / 16 kV single-phase transformers, with the requisite switchgear 
and auxiliary apparatus. Catenary suspension is used for the overhead contact line. 

Taking single-phase supply from the overhead contact line at 16 000 Y, 50 
cycles, the converter or phsise-splitting apparatus supplies polyphase current to the 
traction, motor at 600 to 1 lOO V, according to the requirements of load and control. 
The wei^t of the phase-converter is relatively small and is compensated, by the 


* Por further particulars see Railway JSngine&r, 1933 (probably August). Later 
arhotes will, no doubt, give running experience and -results. 
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advantages gained in other respects. The power factor of the demand from the 
high-tension line is high and independent of load. In general, the system is flexible 
and efficient, and regenerative braking is obtained without the use of special 
auxiliaries. 

Single-phause current taken from the overhead line by two collector bows, passes 
through an oil switch to the primary winding of the phase converter. Polyphase 
current induced in the secondary winding of the latter is fed to the traction motor. 
Each locomotive has a single 2 500 H.P. traction motor of the polyphase induction 
type with two primary windings on the rotor and a single secondary winding on the 
stator. The connections between the 16 slip-rings can be changed to produce 72, 
36, 24 or 18 poles in the rotor, corresponding to synchronous speeds of 83, 166, 250 
and 333 r.p.in. on 50-cycle supply. The stator winding is provided with multiple 
tappings connected to a liquid resistance-starter and controller. Cam-operated 
contactors control the connections between the secondary of the phase converter and 
the pole-chan^g leads on the rotor of the traction motor. 

The phase converter is a 4-pole synchronous machine running at 1 500 r.p.m. 
on 50-cycle supply. This machine is kept running when the locomotive is stationary. 
The 4-pole armature is fed from a D.G. exciter on the same shaft. There are three 
distinct windings on the stator, viz . : — 

(1) The high-tension single-phase winding connected between the collector 
bows and the earthed return. 

(2) An auxiliary single-phase winding in the same slots providing single-phase 
current at 620 V in antiphase to the main supply. This winding feeds the auxiliary 
phase of the motor used for starting the converter ; also the transformers in the 
instrument circuits. 

(3) A winding with tappings from which 8, 4 or 6-phase current is available for 
the main traction motors at about 1 000 Y. 

The stator system of the phase converter is completely immersed in oil, the 
inside of the oil tank being formed by a bakelite tube in the air-gap. The rotor is 
water-cooled. 

The weight of a 2-8-2 passenger locomotive of the above type is 
given, as approximately 96 tons, of which 53 tons consists of 
mechanical parts, tools, etc., and 43 tons electrical parts. The ad- 
hesive weight is about 69 tons. The contract conditions specify 
that these locomotives must be capable of hauling a 590-ton train at 
62T miles (lOQ l:m.)/hr. on straight track rising 1 in 1 OOO; and 
accelerate to 44*7 miles (72 km.)/hr. in 6 mins, on track of 1 312 ffc, 
radius rising 1 in 149. The 0-12-0 locomotive of the same type is 
capable of hauling a 1 378-ton goods train at 32 m.p.h. on straight 
track rising 1 in 1 000. 

The consumption of electrical energy, by an experimental loco- 
motive operating on this system, was 26*2 to 27*8 Wh/ton-mile in 
goods service, and 36*0 to 39*2 Wh/tou-noile in express service. 

The cost of the Budapest- Hegyeshalom electrification (at 20 
' £1) was given as : — 
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Electrical equipment (substations, ovei'head 

lines, locomotives) £1 826 800 

Telephone, telegraph and signalling circuits. 305 800 

Repair shops and running sheds . . 110 000 

Subsidiary work and contingencies . . 197 40 O 

£2 44,0 000 

The capital charges will he about balanced by the reduction in 
operating costs. As traffic increases, there may be a substantial net 
saving, compared with steam working, but the primary factor in this 
case is considered to be the correlated development of national 
electricity supply based on the utilisation of low-grade fuels (lignite 
and shale), which coxild not be burnt satisfactorily in steam loco- 
motives. 

Equipment: the Third-Raie System on Railways. 

920. Conductor Rails and Collectors ; Railways.— It is not 
necessary any longer to deal with surface and under-surface systems 
for tramways — mentioned in paragraph 864 above — as they are 
obsolete. For railways working at reasonable pressures (up to 

1 200 V in Great Britain, at present), the surface system naay be 
and generally is used. In this system a ‘ third rail,’ placed either 
between the two running rails or at one side, is used as the Tine ’ 
instead of a trolley wire. Where the pressure is only 500 V the 
current, with heavy trains and high speeds, would be beyond the 
capacity of an ordinary trolley wheel. The conductor rail is made 
of low-carbon steel and of large cross-section, which is cheaper 
than copper and also saves copper in line feeders. The specific 
resistance of this is about 4*5 x 10 ~ ® fl per inch cube, or 6§ 
times that of copper; or, in the standard form, 0*000 016 5 12 
per yd. of 100 lb. rail. A line of 100 lb. rails, of 9*8 sq. in. cross- 
section, has a resistance per mile of about 0*03 12, after allowing 

2 7^ extra for the bonded joints (c/. §§ 901, 902, and 903). The 
‘ British Standard Method of Specifying the Resistance of Steel 
Conductor Rails ’ is laid down in B.S.I. Report No. 68 (1914). The 
method of comparison with copper just given is useful, but gives rise 
to misconception as between mass resistivity and volume resistivity. 
As rails are bought by weight and classified by the number of Ib. 
per yd., the resistance is to be specified in microhms, at a tempera- 
ture of 15*6° G., of a 100 lb. rail one yard long. If this is R 
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microhms, then that o£ a rail of the same material weighing ^ 
lb. per yd. will he 100 Rs / W microhms. 

The Advisory Committee of the Ministry of Transport, as re- 
gards the position of the third rail, desire to recommend that in 
respect to new electrically operated lines and extensions to exist- 
ing lines the following regulations should he issued for securing 
the interchangeabilty of running : — 

(i) The contact surface shall be in the horizontal plane. 

(ii) The gauge measured between the centre of the horizontal contact surface 

of contact rails and the gauge line of the nearest rail of the corre- 
sponding track shall be 1 ft. 4 ins. 

(iii) The vertical height of the contact surfaces above the plane of the top 

table of the running rails shall be— 

(a) for top-contact rails, 3 ins. 

(b) for under-contact rails, ins. 

(iv) The vertical height of the contact rail (including, where required, the 

protection over the top of the rail) above the plane of the top table of 
the running rails shall be such as to provide the necessary clearance 
from the load gauges from time to time in use. 

(v) The under-contact rail, where employed, shall provide for the engage- 

ment of the contact shoe being made from the side nearest to the 
running rails. 

(vi) Above the level of the under-contact surface (iii) (6) no part of the contact 

rail construction shall be at a less distance than 1 ft. ins. from 
the gauge line of the nearest track rail, and below the level of the 
under-contact surface (hi) (b) at a less distance than 1 ft. 7| ins. from 
the gauge line of the nearest track rail. 

(vii) The vertical distance between the under side of any contact shoe in the 

free position and the plane of the top table of the ranning rails shall 
not he less than ins. 

The rail is supported on porcelain insulators fixed on the 
sleepers. In America, for protection from ice and snow mainly, 
an 'wnder-contact rail (of ordinary rnnning rail section) is often 
suspended from a substantial bent-over bracket, with a special 
insulator held in jaws from the overhung limb. In this country, 
contact is made either at the side or on the top, the latter method 
being most likely to find final acceptance as the standard. It is 
used on the London ‘ tubes ’ (600 Y) and on the Southern Railway 
suburban lines. In this top-contact system the insulators are 
about 10 ft. apart, and in stations or places where the bare rail 
(again of ordinary running rad section) is considered dangerous, 
side protecting boards are fixed. The collector is usually a east 
steel shoe, held by link-work from an insulated support below the 
locomotive frame, and resting on the rail by gravity alone. 
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In the side-contact system, as used on the 1 200- Y D.C. elec- 
trified section of the former Lancashire and Yorkshire Railway 
Manchester-Bury route, use is made of a special charmel-sectioa 
conductor rail carried upon insulators fitted with lugs to prevent 
lateral movement. The rail is practically surrounded by a 
casing of jarrah wood (which is fire-resisting), except for a slot 
admitting the current -collecting shoe. The latter is held in con- 
tact with the side of the conductor rail head by a spring-loaded 
mechanism which permits considerable vertical movement of the 
contact shoe without interrupting contact. No nails or holts are 
used in the protective casing, suitable provision is made to prevent 
water collecting in the latter, and the whole equipment needs little 
maintenance. Here the shoe that collects the current is pressed 
against the contact surface by spring pressure. 

Examples oe Electric Railways with Third-Rail 
Construction'. 

921 . Southern Railway ; Main and Suburban. — The various 
electrified lines of the Southern Railway afford a good example of 
recovering lost trafBc, inducing new traffic, and meeting tramway 
and road competition. Starting originally in 1909 with the single- 
phase A.C. overhead system on certain suburban lines, the system 
has later been converted throughout to third-rail construction and 
600 V direct current ; and, after the success of the suburban lines 
became assured, the main line to Brighton was also electrified. The 
combined main and suburban lines now comprise 359 route-miles 
with 978 miles of track. 

(1) Suburban Lines . — With steam trains, the limit of possible 
traflSc from Waterloo station had been reached on account of the 
bottle-neck on the viaduct just outside the main terminus, and, 
since electric working started, the capacity of the twelve electri- 
fied station tracks (out of twenty-one altogether) has been trebled 
by reason of the factors already discussed in § 865. In the early 
years of electric working, between 1915 and 1919, the number of 
passengers carried on the Western section rose from 25 000 000 
to 51 000 000. 

Power is delivered at 11 000 Y, 25 cycles, to a number of sub- 
stations along the line by means of paper-insulated, lead-sheathed, 
annoured 3-core cables, carried on short posts close to the lin^ 
each auhstation having a duplicate supply. By means of 1 500 k W 
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rotaries the A.C. is converted to D.C. at 660 V for supply to the 
third-rail."^ The contact surface of this is 3 ins. above the track rail 
level and 16 ins. outside it, from gauge of track rail to centre of 
conductor rail ; and a gravitj^ collector is used. The raO joints are 
bonded with flat copper wire bonds, protected by fishplates; and 
cross-bonds of 0T5 sq. in. section are used at intervals between the 
track rails. The conductor rails have four bonds per joint, totalling 
1'6 sq. in. area, fixed underneath the flange. 

The train ‘units’ consist of three coaches, comprising two 
motor coaches with a trailer between them, from one to three 
such units being made up into a train; the three-eoach unit is 
used during ‘slack’ hours, and during ‘rush’ hours an eight-coach 
train composed of two such units with a two-coach trailer unit 
between is employed. The units weigh from 94 to 106 tons un- 
loaded and seat from 190 to 218 passengers — say 100 to 110 tons 
all told, with luggage ; an eight-coach loaded train weighing 
306 tons. Four 275 B.H.P. four-pole (and four commutating- 
pole) series motors, of the box type, are used. Each is totally 
enclosed, fan- ventilated, and suspended from axle bearings on one 
side and from a nose on the other side, the nose in turn being 
supported on the bogie frame through a rubber buffer. Solid 
gears and pinions are employed. 

For a collector raO. voltage of 660 V and at the speeds stated 
the tractive efforts at the wheel rim are as follows ; — 

M.P.H. 25 30 35 40 45 50 55 

T.E. in Ihs. per motor 5 100 2 700 1 600 1 100 800 660 480 

All-electric control is used, with automatic acceleration and 
multiple-unit working. The contactors are operated by solenoids 
energised from the line voltage, and controlled through train lines 
connected to the master controller in each driver’s cabin — only one 
of which is, of course, in operation at any one time. Protection 
is provided by the equipment fuse and circuit -breaker, the latter 
being a solenoid-operated switch with series overload trip, and 
with separate shunt trip operated by the driver when necessary. 


* following figures are of inteiest ; maxunum observed currenfc demanded 
of an individual substation 14 000 A ; maximum observed peak load on one 660 V, 
1500 kW rotary, 7 500 A ; maximum integrated load over 1 b. on one rotaiy, 
1 700 kWh ; greatest mean load on one rotary during all nmning hours of one 
day,! 000 kW. 
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Tke reversers are connected in the main motor field circuit, and 
consist of (irum-t37pe switches operated by solenoids acting on a 
rocker arm on the drum shaft. Automatic acceleration is provided 
for by means of a combined current and time-controlled relay 
This relay operates contacts in the control circuits, and governs 
the sequence of closing contactors ; and it is so designed that the 
control contacts on the relay never break a circuit, the action of 
closing the contactors being obtained on making the circuit.* 
This method avoids any danger of bad contacts through burning. 
The motor current is handled by solenoid-operated contactor 
switches, the solenoids being connected to the line through a 
master controller, and suitable interlock contacts being provided 
to ensure that they close in proper sequence. There are four 
operating positions of the handle ; the first, or switching position, 
gives series connection with full resistance ; the second brings the 
automatic relay into operation, and the resistance is cut out step 
by step up to full series; the third position connects the motors 
in parallel, with full resistance in, the ‘ bridge connection ’ being 
used for the transition from series to parallel; and the fourth 
position brings the automatic relay into action again, cutting out 
the resistance up to full parallel. In the event of the driver 
removing his hand from the ‘ dead man’s handle ’ of the master 
controller, it moves upward, automatically cutting off the control 
current and applying the emergency brakes through a special 
valve in the controller, working in conjunction with a relay valve. 
For coasting purposes and when making ordinary service stops, 
the driver moves the controller to the off position, but keeps his 
hand on the handle, thus preventing the operation of the emergency 
gear. Weatinghouse brakes are used, with air cylinders as usual 
on all coaches, and motor compressors on each motor coach, all 
operated from the driver’s cabin. 

Taking the Waterloo-Guildford service as an example of train 
performance, the length of the route is 29f miles, and there are only 
very slight gradients. The single journey, with eight intermediate 
stops, takes 52 mins., or an average speed of 34 m.p.h. including 
stops ; the maximum speed being nearly 60 m.p.h. The average 
energy used for this service at the coRector shoe is 55 Wh per 
ton-mile. This is based on an eight-coach train, the energy 

* Metrovick Special PaHioaiion 7977/3. 
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being measured over the average length of station to station run, 
vis. 3*3 miles.* 

(2) Brighton Maifi Line. — It may be contended that the 50- 
mile route from London to Brighton with the extension to Worthing 
is suburban rather than main line, for the If million passengers 
carried annually include over 3 000 season-ticket holders : hut as 
the distinction lies between trains stopping at every station and non- 
stop or junction-stop express and semi-fast services, this branch of the 
Southern Railway may certainly^ be considered a main line. Gener- 
ally speaking, the work has been carried out uniformly with the 
suburban system described above, at least so far as the track is con- 
cerned, but some special features call for notice. A full technical 
description of this important electrification will be found in the sup- 
plement to The jRailway Gazette for December 30th, 1932, from 
which the following details are abstracted. 

Power is taken at 33 kV and 50 cycles from three substations of 
the National ' Grid,’ and is distributed to the company’s substations. 
Here it is converted to D.C. 600 V by mercury-arc rectifiers, operated 
from a Central Control Room at the halfway station of Three Bridges. 
The duplicate feeder cables are carried in wooden troughing on con- 
crete poles, or in concrete troughing when below the track, and hook 
switches (operated manually by a rod when required) are inserted 
between the cables and the 100 lb. conductor rail, for isolation 
purposes. 

The water-cooled rectifiers are in 2 500 kW, 660 V units, capable 
of dealing with 4 000 kW for five minutes, and are fed through delta- 
douhle-Z wound, oil-immersed, self-cooling transformers. The D.C. 
high-speed circuit-breakers are remotely controlled from the central 
control point, bnt can also be manually operated on the spot. For the 
most part, the outdoor type of main switchgear is used. The control 
system, though apparently complicated, is said to be very simple in 
action. It is operated from a 60-V D.C. duplicate-battery circuit, 
kept always in condition by "trickle-charging ’ (§ 432, 5th ed.). By 
means of lamp signals and relays, full information can be obtained 
in the control room of the precise state of affairs in any of the 
remotely-controlled substations, and of the correct occurrence of any 
sequence of events consequent on the operator’s action. The chief 

*M nearly half the run, from Surbiton to Waterloo, is non-stop, the average 
length between stations is really neaarer 1*5 miles. 
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difficulty to be overcome in both speeding up the services and add- 
ing to the number of trains lay in the number of important junctiom 
met with, serving lines crossing on the level and still operated by 
steam. 

Tiiree-aspect colour light-signalling has been adopted, and, except 
at junctions, it is automatically controlled and operated by track- 
circuiting. Actually there are three types, mz, : (1) WhoUy auto- 
matic; (2) semi-automatic, capable of operation from signal-box^ 
when open; and (3) manually operated in signal-boxes that are 
always open, though also automatically controlled from the track. 
A large proportion of the previously existing signal-boxes has been 
eliminated entirely ; thus the new box at Brighton terminus, with 
225 power-operated levers, displaced six mechanically-worked boxes 
with 582 levers. 

New rolling-stock (46 motor coaches and trailer corridor coaches) 
has been designed and built for the service. Six-coach express 
units, including one composite Pullman, are used, two such units 
constituting a train during rush hours ; for the semi-fast traffic 
four-coach units are standard, from one to three making up a train. 

In place of the standard type of candage bogies, the equalising 
beam type has been adopted ; and an aE-steel coach underframe has 
taken the place of the usual trussed steel underframe. 

The multiple-unit system of working has been adopted through- 
out, for both express and fast trains, as in the case of the suburban 
lines, in order to ensure a speedy turn-round and clearance of the 
hitherto congested termini at Victoria and London Bridge. The 
electrical equipment of the express train units is designed to give 
a safe speed up to 90 m.p.h. and a maximum working speed of 
75 m.p.h. Each motor coach is fitted with four 225 H.P. motors, 
with electro-pneumatic series-parallel control gear. Acceleration, 
as on the suburban lines, is automatically controlled by means of 
two linoit relays in the driver’s cab, where there are also the master 
controller (with standard ^ dead man’s handle’) and also the various 
control switches and auxiliary controls for lighting, heating, etc. 
The lighting is effected through a 5 kW, 70 V motor-generator, 
with niekel-iron emergency batteries ; the heating power is taken 
from the 600 V main circuit, and operates two 300 kW heaters in 
each compartment. The famous ^ Southern Belle ’ express eonsiste 
entirely of Pullmans; three third-dass and two first-class eon- 
stitutang a train. For the semi-fest services, 33 four-coach unite 
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(fcwo motor coaches and two trailers) have been constructed. The 
power equipment of these consists of two 2*75 H.P. motors under 
each driver s compartment, or 1 lOQ H.P. for the unit, with similar 
control to the expresses. 

922. A Miniature Freight Line.— As a further example of 
third-rail electric traction, the London Post Ofl5ee ‘ tube ’ line may 
be mentioned. This two-foot gauge line has the distinction of 
carrying neither driver nor passengers, but only mails. The 
normal speed is 35 m.p.h., and there is a two-minute service with 
a carrying capacity of 300 tons per hour on each line, the trains 
consisting of three 13 ft. 6 in. cars, fitted with two 22 B.H.P. 
motors and running on 35 lb. rails. The brakes are applied by 
springs, and are pulled off electro-magnetically when the train is 
started. Control is effected from switch cabins at each station, 
where a completely interlocked system of electrical control is 
installed, with a visual indicator showing exactly what is happen- 
ing. The working pressure is 440 V D.C. and the two 220 V 
motors are permanently m series, with starting resistances. A 
train starts from a station on a down gradient, when the section 
on which it is situated is energised, and approaches the next station 
on a dead section of rising gradient, in which the brakes are 
automatically applied when the holding-off solenoids are de- 
magnetised. When the train has been brought to rest, it is 
restarted and run up to the platform on a rednced pressure of 
150 Y, so that it coasts into the station and stops, on another 
dead section of rail, accurately in the position 1 required for 
loading or unloading. Battery locomotives are provided for 
breakdown purposes.* 


Equipment: Feeders. 

923. Tramway Feeders. — There is no special point about 
traction feeders to differentiate them from other supply feeders, 
except that the fluctuations in load can he more closely forecasted 
and the certainty of short-circuits more confidently assumed. It 
is usual to supply tramways with power at 500 V, generated at 
about 550 V either in the tramway power-house or, more often 


* For a full d^cription, see the El, Bev,, Feb. 10 and 17, 1928. 
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now, in rotary converter substations fed from the genera] supcR 
of the locality. In either case main feeders are required to traL- 
mit the power either to the line itself, or, in the ease of a large 
system, to sub-feeders or line feeders. The function of the latter is 
to run along the routes and supply each separate half-mile section 
into which the line must be divided (§§ 909 and 911). 

.^though the power lost in the feeders and line has to be paid 
for, it is not essential to have very uniform pressure on the line- 
motors are not so sensitive to slight changes of pressure as lamps 
(§ 583). Underground insulated cables are generally used for the 
main feeders, and the position of the main feeding points is 
determined by the density of the traflBc and its ‘ centre of gravity’ 
The size of the cables, subject to their capability to carry the 
maximum current without being damaged, is determined on 
economic grounds. Hopkinson’s modification of Kelvin’s Law is 
explained and filustrated in § 333 (Yol. 1), but in the case of 
tramways there is difficulty in assessing ‘ the gross annual value 
derived from the conductor,’ though the cost of the energy wasted 
can be accurately forecasted* 

Formula for working out the size of overhead and under- 
ground main feeders on these lines will be found in specialist 
works on electric traction, and need not bo given here ; the actual 
process of working out tramway main feeders is a complicated one, 
and for project purposes it is sufficient to take a size of cable that 
will work at a mean current density of about 1 000 A per sq. in.. 


Table 196. Pounds of Gopper required for Z/ine Feeders, 


Headway 


Length of Track in Miles. 


in 

Minutes. 


3 

4 

5 

6 

7 

8 
10 
12 
15 
20 


. 


1*5. 

2. 

2*5. 

3. 

4. 

5. 

6. 

7. 

8. 

10. 

810 

1716 

3 412 

6 506 

13 756 

27 343 

45 820 

72 595 

109 365 

202927 

510 

1361 

2 703 

5 159 

10 938 

19 439 

37 041 

53 466 

79 378 

152 731 

510 

1079 

2 145 

4 095 

8 673 

16 404 

26 724 

43 213 

65 620 

123009 

405 

857 

1701 

8 245 

6 878 

13 672 

23 327 

38 278 

52 039 

103 710 

321 

857 

1701 

2 574 

6 878 

13 672 

21 197 

31 177 

44 858 

89 074 

405 

857 

1701 

2 674 

6 878 

13 672 

21 197 

34 310 

49 387 

93 662 

405 

679 

1349 

2 041 

5 458 

10 842 

16 406 

27 215 

39 221 

76 366 

405 

679 

1071 

2 041 

4 327 

8 598 

16 406 

21 588 

32 788 

61733 

405 

079 

1071 

1618 

3 481 

6 823 

13 009 

19 140 

28 261 

49 026 

405 

679 

1071 

1 618 

2 721 

6 407 

8 817 

15 179 

21874 

38 878 
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the current being found from the maximum demand in kilowatts. 
The Regulations of the Minister of Transport, of which those 
dealing with the return circuit have already been quoted above 
(§ 903), state in No. 11 that 

Jn the disposition and working of feeders, the Company shall take all reason- 
able precautions to avoid injurious interference with any existing wires. 

Tlie line feeders may very often be bare overhead lines carried 
on the tramway poles, and their size depends on the number and 
weight of the cars on any one section at any given time. The 
amount of copper required is shown approximately in the pre- 
ceding table.* 

924 . Feeders for Electric Railways. — So far as feeding an 
overhead line is concerned, the problem of railway ‘ line feeders ’ is 
merely that of tramways on a larger scale, modified by the fact 
that the contact wire of a railway may have another overhead con- 
ductor of larger section — the catenary or messenger — immediately 
above it. In the case of the third-rail system, the area of the 
conductor rail itself can be made large enough to carry the full 
current of the section. As with tramways, the railway line is 
divided up into sections — generally of one mile — electrically 
independent. Each section then has to be supplied by feeders 
either from the generating station or, more often, from a sub- 
station. A pair of duplicate cables will run alongside the track, 
as described in connection with the Southern Railway (§ 921), 
and connection will be made to the contact rail or the overhead 
line at the centre of each section. The feeding may he from one 
substation, or from the two on either side, or from all in parallel. 
The size of the feeders is determined from the number of sections 
to he fed and the calculated simultaneous demand on them, which 
in turn depends on the number, weight, and speed of the trains in 
the stretch of line and on the gradients; with allowance for 
regenerative braking where used (§ 900). The total load on a 
substation is similarly determined in order • to work out the 
capacity of the line feeding it from the source of power. 

Capital Costs. 

925 . Cost of Tramways. — So few new tramways are con- 
structed nowadays that figures of cost are of little value, and 


* Fxoin. Dawson’s JEHectric Traction JPockct JBooh — a most ase&il work of wMch. 
fesre has nnforkinately been no new edition since 1906, 
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One, 

200-ft. 

Turnout. 

j |°^{ {'^'^*^00 

Anchorage. 

Double 

Track. 

1 1 1 1 1 1 1 1 1 1 1 "’ll 

Single 

Track. 


Branch Curve. 

Double 

Track, 

jiocN ,cs? joqco .csdo , 

1 1 1 1 1 § 1 

Single 

Track. 

|COCO jt-HVOt-H jOa jOqCSJrHCMO 1 

Simple Curve. 

Double 

Track. 

• COrH. iCMO, 

\ -*11-' I 1 M g i 

Single 

Track. 


jCO-:i<j |iOCq|'^|’THj jCqOj 

Bracket-arm 

Suspension. 

Double 

Track. 


90 

88 

2 

45 

10 560 

Single 

Track. 

1 I 1 ^ 1 ^ 1" 1 1 1 1 |i 

lO 

Cross 

Suspension. 

Double 

Track. 

051 OC^Jcq OOOO 

OS 1 ^ J j 05 J 05 j j j ^0500 

CO 0 

Single 

Track. 

«0 iOi— ICM COOOO 

^ 1 1 1 1 ^ 1 ® 1 1 1 

CO 10 

Names of Pieces Used, 

straight line insulator , 

Single pull'Off 

Double t, ... 

Bracket-arm insulator . 

E’rog 

Plain ears or clips , , , 

Strain i, „ * . . 

SphoiDg,, „ . . . 

Strain insulators . 

Insulated tum-buqkle . 

„ pull-oil . 

Crossing .... 

Uninsulated tum-buokle 
Number of poles . 

Suspension wire in feet . 
Trolley wire in feet 
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those in the Third Edition, being pre-war, are entirely useless. 
So far as the overhead equipment is concerned, the quantities of 
each component remain the same, as in the Table on p. 644. 

Mr. C. W. G. Taffs gives the approximate cost, post-war, of 
double-track tramway as £25 000 per mile; overhead trolley 
wires and poles, £3 300 per mile for two wires and £4 000 for 
four wires — ^for ‘ trackless tramways/ He gives £2 000 as the 
price of a tramear; £1 T50 for a petrol bus; and £2 000 for a 
trolley bus. 

Through the courtesy of Mr. A. R. Fearnley, General Manager 
of the Sheffield Corporation Tramways and Motors, the capital cost 
of the recent extensions to that system are given in Table 198 
together with some additional costs following the table. These 
figures are for 4 ft. 8-| in. gauge, with girder rails weighing 
112*9 Ih. per yard, with concrete foundations 13 ins. thick and 
asphalt paving: — 


Ta^le 198 . — Oost of Tramway Track (Sheffield), 



Quantity. 



Excavation 

Cement concrete .... 

Rails 

Fishplates (boltless) 

Tie bars and nuts .... 
Anchors and anchor holts 
Platelaying (including packing and 

welding) 

Piaving (aspnalt) .... 
lighting and watching . 

2 080 cub. yds. 
1 804 „ „ 

177 tons 

2‘1 „ 

4*3 „ 

2-7 „ 

1 760 lin. yds. 

4 990 sq. yds. 

1 760 lin. yds. 

£ s. d. 

0 11 0 

2 10 0 

10 12 6 

12 10 0 

14 17 6 

17 10 0 

0 19 7 

0 12 6 

0 15 

£ s. d. 
1144 0 0 

4 510 0 0 
18^ 12 6 

26 5 0 

63 19 3 

47 5 0 

1723 6 8 

3 118 15 0 
124 13 4 

Total for permanent way and pav- 
ing per mile of single track . 



£12 638 16 9 


The fishplates are welded to the rails. With the asphalt 
paving no parging is required. The formdations consist of a 
concrete bed 8 ins. thick with a finer concrete topping 5 ins. thick. 

The cost of hondirg rails for single and double track is £38 
and £82 respectively per mile. (N.B. — This alone is far lower 
than was stated in the Third Edition, on the authority of 
Dawson.) 


M, Bev., Vol. 92, p. 193. 
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The cost of overhead equipment for double trolley wire with 
cross suspension between span poles is £2 000 per mile of route 

Tramowrs . — The cost of double-deck top covered tramcars 
with, enclosed vestibule, complete double motor eqtupment, swivel- 
ling trolley, and air-brake equipment is £2 300 each, ’of this 
figure the motors, controllers and resistance account for £434. 

Where paving is not required it will be seen that the cost is 
greatly reduced. 

JEleoiTicfity Gharges for Traction Turposes {Tramways and 
TraoMess Trolley Systems). — The general principles relating to 
electricity costs and tariffs, as dealt with in Chap. 12, Vol 1, are 
applicable to the sales and purchase of energy for traction purposes. 
A valuable paper, ‘Review of Electricity Charges for Traction 
Purposes,’ read by C. Furness before the Municipal Tramways and 
Transport Association (Eastbourne, 1932), deals specihcally with the 
case for two-part tariffs for traction purposes and presents a number 
of detailed examples, besides useful tables of costs and charges in 
relation to load factor. 

926. The Cost of Electric Traction; Railways. — Only the 
most general guidance can be given in the matter of cost of rail- 
way electrification, as no two lines are alike. It is agreed that 
for the overhead system the cost of substations and low-pressure 
D.C. work generally is greatly in excess (3 to 9 times) of that of 
single-phase high-pressure work, as was shown conclusively in the 
case of the Melbourne suburban system,* hut the total and recur- 
ring costs of the latter system are far higher ; especially in the 
matter of rolling stock (more than double) and alterations to 
telegraph and telephone lines (9-fold). The total recurring costs 
in this case (covering 390 miles of track) were estimated at 
£264 090 for single-phase as against £91 009 for D.C. 

Trewmanf gives some average prices of 1920, but they are 
lower now ; £9 per kW as a fair overall price for complete sub- 
stations would he considered high now except for small plants. 
^^A fair average figure for third and fourth rails, complete with 
insulators, protecting boards and feeder cables for sectionalising 
purposes, laid ready for service, would be about £4 000 per mile 


* The Times ’ Mngineertng Supplement^ ISTov. 20, 1912, quoted by F. W. Carter 
ia MUcftric. Traction (1922). 

t IteUump Electrification, by BC. jP. Trewman, p. 58 et seq. 
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of single track.’ The same writer puts the cost of coach bodies 
and trucks at £100 per ton and of electrical equipment of the 
same at £200 per ton for all systems which, taking into account 
the greater weight of single-phase equipment, works out to some 
£64 per foot length of the average train hauled for the latter 
system against £54 for D.C. 

A description of the main features of the electrification of the 
Great Indian Peninsular Railway has been given above (§ 918) ; 
and through the courtesy of the High Commissioner for India and 
the India Store Department some general figures of the cost of 
this work are here added. 

Transmission lines (110 000 Y) as described, including erec- 
tion: double circuit, £1 7 SO per mile; single circuit, £1 088 per 
mile. 

Substations complete (exclusive of ail building work) average 
£34 900 each, or £16 700 per 2 500 kW rotary installed = £5*9 
per kW. 

Track-sectioning cabins and corresponding gear in the con- 
trolling substations, £1 895 each, exclusive of building work. 

Overhead track equipment : — 

(i) For tangent running tracks (1 sq. in. equivalent) with 

tension lengths of 1 mile anchored at both ends, and with 
girder construction, £3 798 per mile of double track, ex- 
clusive of foundations. 

(ii) The same with cantilever construction, £4 397 per mile of 

double track. 

(iii) The same as (ii), but with half-mile tension lengths, £4 640 
per mile of double track. 

Additional for curves, £400 per mile for (i), £806 for (ii), 
and £687 for (iii). 

(iv) For 0*5 sq. in. equivalent, the cost is £1 733 per mile of 
single track, with £200 extra on curves. 

Turn-outs, cross-overs, junctions, etc., and special equipment for 
sectioning, tensioning, and bridge or tunnel work involve additional 
expense; and the above does not include the cost of the low- 
pressure control wires. Where a 22 OOO-Y line is carried on the 
structures, the cost for a double circuit 8-phase line of 0T5 sq. in. is 
£1 339 per mile ; with underground cables the same costs £1 880. 

For jpassenger locomotives the mean price of three makes is 
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£13 170, equal to £207 per ton gross, a spare motor costing £788 
mean. 

Freight locomotives cost £15 400, equal to £130 per ton 
gross. 

EiiECTRiciTr IN Vehicles. 

927 . Uses of Electricity in Vehicles: Lighting.--~Aiiy 

vehicle, whether running on rails or on the roads, and whether 
actuated by electricity or not, may use electricity for such subsidiary 
purposes as are necessary ; on tramways and road vehicles for 
lighting and heating ; on railways, in addition to these, for cooling 
and for ventilation hy fans, where the climate necessitates this ; 
and on all, for work in substitution of human muscles, as in con- 
trol or servo-motors for braking, etc. Where the line is an electric 
tramway or railway, power is, as a matter of course, taken from 
the line; where self-contained vehicles are in question, with a 
battery or petrol-electric drive, the power will be taken from this 
source ; but in the case of non-electric vehicles, the power must be 
generated specially for these additional services (§ 929). 

Lighting. — Ai the present time the scale of electric lighting on 
vehicles of all sorts is improving year hy year, though gas and 
even oil lighting are still to be found on some railways, especially^X' 
abroad ; and, wliile the boating wdck is inexcusable because of its 
utter inadequacy, gas is likely to be prohibited in the long run on 
account of its danger, as evidenced by the pointed and repeated 
recommendations of the Eoard of Trade in enquiries relating to 
accidents. 

Vehicle lighting introduces the questions of pressure variation 
and of vibration. Vibration cannot he obviated, but lamps have 
been designed to stand up to it, with special filaments mounted in 
a castellated form. Where power from the line is used, pressure 
variation inevitably occurs, both from the variation of the load 
generally and during acceleration of the vehicle in particular ; this, 
however, is an inherent defect which becomes less serious as the 
design of the circuit and the control gear of the vehicle are im- 
proved. When power is obtained from a self-contained generator 
and battery, there need he no appreciable variation. The third 
case, of special systems, is dealt with in §§ 929 et seq. On the 
standard tramway pressure of 500 V several lamps are used in 
series, as also on electric railways run at higher pressures, except 
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where the use of A.C. enables low pressure to be obtained from 
transformers. Self-contained vehicles and those supplied from 
special systems (§ 929) use very low pressures — 20 to 50 V, gener- 
ally 24 V. 

The illumination provided in modem rolling stock leaves little 
to be desired, especially by those who remember the Metropolitan 
Railway in its steam days ; ^ from 2 to 4 or even 5 ft.-candl^ 
(§§ 579, 580) may be found, in contrast with the utterly in- 
adequate beacons found on most station platforms above ground. 
Naturally in the driver's cabin there will be no light except a subdued 
one over the dials of instruments. There is still room for improve- 
ment in the matter of fittings and shades; unshaded metal 
filaments, almost on a level with the eyes of passengers, are bound 
in time to have a deleterious effect on eyesight, and they are still 
far too commonly used. The variation in line voltage, and con- 
sequently in candle-power,, is annoying but unavoidable. 

928. Uses of Electricity in Vehicles; Ventilation and 
Heating. — ^While lighting, at its best, requires very little power, 
other electrical amenities use a considerable amount. 

Electric Fans . — In tropical countries, fans are provided at 
least in refreshment cars and in the higher classes on main-line 
trains, and their use will spread slowly to branch lines and ‘ third 
class.’ For this service moderately high-speed, small diameter 
fans are used requiring from 30 to 60 W each, of the ceiling or 
desk type. Their effective radius of direct draught is com- 
paratively small, .so in compartments they are usually so arranged 
that they can be swivelled into the best position for the individual 
passenger; their chief function being (in India, at any rate) to 
keep off mosquitoes. In saloons and refreshment ears they are 
naturally fixed, and keep up a sufficient cixeulation to counteract 
a humid atmosphere at something over 100" F. The use of air 
ducts, supplied from pressure fans, as on modern P, and O. 
steamers, has so far not come into use elsewhere. 

Electric Heating . — For heating tramears or railway compart- 
ments electricity is only likely to be used — as it is now ui^ — 
when power is available from the line; the demand would 
generally be too great to be met by plant carried on board. 


*FouI smelling oil gas was used, obtained by an early application of 
* craeMng.^ 
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Except for the fact that the heating elements mnst be concealed 
and placed sc that by no possibility can they set light to the 
coachwork, or to passengers’ clothing, the considerations in 
Chapter 26 (Yol. 2) apply. Attention may, however, be drawn 
to § 625 in that chapter for a special case of heating railway 
vehicles; on the London and North-Eastern Railway a 400 kW 
Bastian boiler, with immersion heaters (§ 617, 623), is used to 
supply steam at the rate of 1 175 lb. per hr. and a pressure of 
120 lb. / sq. in. for heating rolling stock when running over the 
electrified portion of the line. 

Mectrio Cooking. — The kitchen of a railway train differs in 
no particular way from - one on terra jirma, though here again 
the power required confines its use practically to vehicles on which 
the line current can be used. In the course of the enquiry into the 
Charfield railway disaster, 1928, in which, as usual, the ignition of 
the gas cylinders intensified the horror, it was stated by a railway- 
official that ‘ it would be impossible to provide the necessary meals 
by electric cooking.’ This statement, like the meals in question, 
requires to be taken cum grano salis. (See Y ol. 2, paragraphs 
530, 574, 628, 629, 632, 633.) 

929, Generation of Power for Use in Railway Carriages. — 

Where power is not obtainable from the line, i.e. on steam rail- 
ways or non-electrieal self-contained vehicles, there are various 
alternative methods of obtaining the power required for subsidiary 
purposes, namely : (ct-) secondary batteries, (5) self-contained gener- 
ating units, or (c) special systems of axle-driven generators ; the 
two latter nearly always in conjunction with batteries. 

Batteries, — Even lighting, from batteries alone, necessitates 
considerable capacity in the cells and involves the provision of 
special charging stations at various points in the system, where 
the batteries have to he taken out and replaced hy properly 
charged duplicates. Thus, even allowing for the diversity factor, 
there will need to be almost twice as many batteries as vehicles, 
to allow for repairs and replacements. The system is therefore 
of very limited use, and of none on main lines. 

Self-contained Generating Sets. — In the second method, power 
may he generated on the engine, and transmitted throughout the 
train, or each carriage may have its own self-contained equipment. 
Thus small steam turho-generators are used for working a head- 
light (i.e. an arc lamp with a parabolic reflector hehii^ it) on 
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some Indian and American railways ; * and a similar arrangement 
of plant can be used for lighting and ventilating purposes. Petrol 
engine sets can also be used for this purpose, as on motor-ears and 
petrol-electric vehicles (§ 958). Generally, however, a battery is 
carried on each vehicle or unit and run in parallel with the 
generator ; this enables the set to be shut down during the daj^, 
the batteries taking the load in tunnels, and affords both reserve 
and better regulation. With such small sets the efficiency is 
inevitably low, and the expense therefore considerable, as the set 
requires attention all the time. 

Axle-drweTh Systems . — The most usual, and also the most 
flexible, method is to have both an axle-driven generator and a 
batteiy working in parallel with it, on each vehicle ; the battery 
taking the load when the train is standing and assisting in the 
regulation of the pressure when the train is running and charging 
it. This necessitates automatic operation regardless of speed or 
direction of running; automatic and correct charging of the 
battery without injurious overvoltage at the lamps; lightness, 
durability and immunity from damage or derangement by moisture, 
smoke or (in the tropics) insects, f Constant-current or constant- 
power regulation (§ 948) involves the risk of overheating the 
electrolyte and injuring the cells, unless a charge-limiting de\ice 
is used ; constant-voltage regulation involves the risk, of under- 
charging on the one hand and, on the other, of excessive initial 
charge when the battery is nearly run down. Above all, the 
arrangement adopted must he ‘fool-proof’ if it is to be used in a 
country where skilled attention is not always to hand. 

A good many automatic train-lighting systems have been 
patented, many of them very ingenious ; an ordinary dynamo, 
driven off the carriage axle, would vary its E.M.F. according to 
the speed of the train ; the problem is to design a generator which 
will keep its E. M.F. constant under these conditions. 

In a paper by T. Ferguson {Journal Vol. 52, p. 262) 


* Incidentally the driver is often practically blinded by the glare reflected 
from myriads of white moths attracted by the light. 

■f“ The ways of the termite, the greenfly and certain wasps are past all oom- 
prehansion; between them they can derange almost any piece of machinery, 
except perhaps a steam-hammer, but especially relays and apparatus of the 
telephone order. See ‘ Telephone Troubles in the Tropics,’ by W- Ii. Preece. 
Jour, Yol. 53, p. 645. 
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the following systems are described, viz,: Stone; Leeds Forge 
Co. ; Mather & Platt ; Vickers ; Tudor Accumulator Co. ; Silver- 
town ; Brown Boveri ; Dalziel ; Grob. The author summarises the 
conditions demanded of train-lighting systems as follows : — 

1. The equipment m&y have to run on night service for long periods ,* hence 
the dynamo while running must generate more current than is required for the 
lamps, that is to say, it must charge the battery while the lamps are burning, in 
order to make up for the current taken from the battery to supply the lamps while 
the train is stationary, and also to make up for the local losses which take place 
within the battery. 

2. The equipment may similarly have to run on day service for long periods ; 
hence some definite means for the adjustment of the output is necessary. 

3. The same equipment may have to run on a suburban service having many 
stops and a low average speed, or an express service with few stops and a high 
average speed. It would be a great drawback if the ratio of the pulleys had to 
be changed when passing from the one type of service to the other. On most 
railways the traffic department is not slow to raise objections if this has to be 
done. A train-lightiag dynamo should be capable of operating satisfactorily 
between speeds of 12 and 72 m.p.b. in order to make it sufficiently flexible in 
working. 

4. Machines are required both for coaches requiring heavy and light lamp- 
loads, and as it is inadvisable to use many different sizes, some form of output 
adjustment is again necessary. 

5. The storage battery cells must be as few as possible, on account of first cost, 
subsequent maintenance, and * dead- weight.’ 

6. The equipment must be robust, simple, strong, obvious in action, and easy 
of definite adjustment, so that poor-class labour may be able to maintain it. 

7. The maintenance cost must be as low as possible both as regards the 
dynamo and the batteries. 

8. It should be possible to switch the lamps on and off at will without affecting 
the voltage applied to the lamps remaining burning. 

9. The output must be easily and definitely adjustable to suit all conditions 
of traffic. 

10. The additional draw-bar pull on the locomotive due to driving the dynamos 
must be as low as possible, especially at high speeds. 

11. Batteries which have got into bad sulphated condition, owing to coaches 
lying idle, must quickly pick up again when the coaches are placed in service. 

930 . Stone’s Train-Lighting System. — In the Stone system, 
whicli is used on almost all Indian railways on account of its 
simplicity, there are two sets of batteries suspended on the under- 
frame, one or the other of which supplies current when the train 
is standing or running slowly. The dynamo is suspended hy one 
corner of its frame, by means of an adjustable link, so that it is 
free to swing towards or away from the driving pulley on the 
carriage axle. The driving belt draws the dynamo out of the 
diagonal position in which it would naturally hang, and the 
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tension on the belt thus automatically adjusts itself to the power 
required. When the speed of the train during acceleration reaches 
a predetermined value an automatic cut-in and cut-out switch 
puts the dynamo into circuit, and when this speed is passed in 
slowing down the cut-out disconnects the dynamo. 

If the train speed increases beyond a certain point, or the 
demand drops, the belt slips and the arnaature continues to rev^olve 
at about its correct speed and to give approximately the correct 
volts. The dynamo supplies power to the lamps and fans while 
the train is running, and also automatically charges one of the 
batteries while the other ‘ floats on the load ' and acts as a regula- 
tor. Reversals of train direction are met automatically. The 
usual pressures of supply are 16 or 24 V, requiring two batteries 
each of eight or twelve cells. Owing to the fact that the cells are 
always kept fully charged, and that there is no sensible drop of 
pressure in the short condnetors, extra regulating cells are not 
needed. 

931. Mather & Platt Train-Lighting: System. — ^In the 
Mather & Platt system single or double batteries are used in 
conjunction with a self-regulating axle-driven dynamo, which cuts 
in and out at a pre-determined speed. The regulation is inherent 
in the dynamo design, and no matter how the speed may vary 
above the predetermined cutting-in limit the voltage remains prac- 
tically constant ; there are no external regulating devices, and the 
direction of the current does not change when the rotation of the 
armature is reversed, so no pole-changing device is required. This 
result is obtained by very ingenious design. The field magnet, 
usually two-pole, is excited by a shunt winding of comparatively 
few ampere-turns, connected to the dynamo terminals in the usual 
manner. The cells are, as usual, in parallel with the main circuit. 
The pole pieces are of normal construction, but the pole limbs and 
yoke, which complete the magnetic circuit (§ 41), are of much 
smaller cross-section than they would he in an ordinary dynamo 
of the same size. The armature is of the drum type and connected 
to the commutator in the usual manner. The self-regulating pro- 
perties are due to the peculiar arrangement of the brushes, coupled 
with the easily saturated magnetic circuit. The brushes bearing 
on the neutral point, which in an ordinary machine would supply 
current to the external circuit, are short-circuited, and a second 
pair of ^ aid ^ brushes at right angles to these constitute the main 
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working brushes from which current is led to the lamps, etc. A 
very small magnetic flux in the field magnet is sufficient to pro- 
duce a large current from brush to brush in the short-circuited 
path ; this current, circulating in the armature conductors, pro- 
duces a magnetic flux at right angles to the ordinary flux, circu- 
lating only through the iron of the pole pieces and armature and 
not through the pole limbs or yoke. The rotation of the armature 
in this secondary flux produces a difference of potential in the 
secondary brushes and thus gives the working current. The limit 
is reached when the main current exactly neutralises the effect of 
the field winding, and this limiting current cannot he exceeded 
under any conditions whatever for any given excitation in the 
field windings, since the combination of the flux due to the 
shunt winding and that due to the short-circuit current is so 
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FiGr. 410. — CtiarajCterisfeic curves of Mattier & Platt train-lighting dynamo. 

adjusted as to give a practically constant external current at alL 
speeds. If the direction of rotation is reversed the short-circuit 
current is also reversed, and as the primary flux is unaltered in 
direction the working current will circulate in the same direction 
as before. 

The characteristic curves of this dynamo, when working in 
parallel with a battery at constant voltage, under various excita- 
tions; are shown in Nos. I. to VIII. of Fig. 410. A special battery 
cut-in and cut-out switch is of course necessary. 

Two systems of train lighting employing the above principle 
are in use, known as the ‘ simplified unit system ’ and thei ‘ parallel 
Mock system." In the former, each dynamo with its 24-V battery 
— or pair of I 2 -C 0 II batteries in parallel — supplies its own inde- 
pendent load without any interconnection between one carriage 
and another. For this the dynamo has an additional series field 
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winding, connected in tHe common negative return which mmt 
be provided for the whole load. The shunt winding is so set by 
means of an ‘output adjuster' rheostat as to give the desired 
charging current for the battery, which is then independent of 
the external load; the series coil is so proportioned that every 
additional ampere in it increases the dynamo output also by the 
same amount. 

In the parallel block system, all the vehicle units of dymanio 
and 12-cell duplicate battery, etc., are in effect paralleled on to a set 
of 24-Y bus-bars running the whole length of the train. The train 
can be broken up and remade, with other systems (of the same 
standard train voltage) on some of the coaches. The output is 
adjusted by a shunt regulator. When the dynamo is running and 
lights are in use, the batteries are paralleled through a Wffer 
‘ lamp resistance ’ ; but when the train is stationary, they are 
directly paralleled by the cut-in switch or the lighting switch. 

932. The Dick (Siemens-Schuckert) System. — The Dick 
system * claims to fulfil the conditions of the required service 
more fully than others ; hut it is not known to what extent it is 
in actual use, and this is the acid test of any system so exacting in 
its requirements. In the accompanying illustration (Fig. 411), 



Fig. 411. — Dia-gram of eonneetions of Dick train-lighting system. 

M represents the armature of the axle-driven dynamo ; F its field 
winding ; B the battery ; L the lamps ; E the automatic shunt 
regulator ; S the automatic switch disconnecting the machine at 
speeds below the critical value (15 to 18 m.p.h. on mainline); 
and H is the main lighting switch. Above the critical spe^ and 


* Elsktroteehnik und M€tschi7ienb<m, VoL 41, p. ^X), April 1, 1953. 
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up to from 50 to 70 m.p.h. the field regulator maintains a constant 
limiting voltage. The value of 2*4 to 2*5 V per cell is reached only 
with a fully-charged battery and with the lamps switched off, inde- 
pendent of speed ; the charging current then becomes 6 or 10 7 of 
normal, and the cells cannot be injured. With the lamps on, or 
the battery discharged, the auxiliary series winding on the shnnt 
regulator reduces the dynamo voltage to 2 -2 or 2*3 V per cell, thus 
preventing the machine from being overloaded. 

Traffic Control. 

933. Electric Sig’nallin^ on Railways, — For the last thirty 
years the ‘ block system ’ of signalling has been compulsory on all 
British railways, which accounts for their exceptional freedom from 
accidents due to the human element. The system has been de- 
veloped gradually, by the elimination of points found weak in 
practice, and in the matter of communication between signals-boxes 
the telegraph has always been used. The controlling mechanism of 
points and signals is always so interlocked as to prevent more than 
one train being within a block at any one time. Then, with in- 
creasing density of traffic, electrical track signalling followed, 
enabling, inter alia, the danger of a detached vehicle remainiag 
in a block to be guarded against. With the advent of 'tube* rail- 
ways, full electrical signalling and automatic systems have followed, 
constituting an extremely important minor branch of railway elec- 
trical engineering on both steam and electric lines.*’ Of late years 
light signals have grown in favour, as against semaphores, and 
extensive installations of this kind have been carried out on both 
classes of line. 

The signalling on the London ‘ tubes ’ is all electrical automatic 
track-signalling, xising coloured lights exclusively. In connection 
with the remodelling of the Victoria and Exchange stations at 
Manchester, the London, Midland and Scottish Railway has also 
installed electric signals in conjunction with the Westinghouse 
Brake and Saxby Signal Co. Here the installation includes three 
new signal-boxes with a total of 209 levers, 128 electrically-driven 
point machines, over 200 colour light signals of four, three, and 
two aspects, 26 optical route indicators, and 176 alternating- 


* An excellent elementary summary will be found in ‘ Electrical Signalling 
Equipment on Badlways,’ by S. Mitcbell. Jour, Vol. 62, p, 954. 

656 



ELECTRIC TRACTION § 933 

current condenser fed track circuits. The point machines are 
worked by direct current derived from the alternating-current 
mains by means of Westinghouse metal rectifiers, comsisting essen- 
tially of a series of copper discs having one side oxidised to cuprous 
oxide. 

By way of more detailed description, the electrical signalling 
arrangements adopted in the remodelling of the Charing Cross and 
Cannon Street stations of the Southern Railway may be referred 
to : — * 

For tlie new signalling it was decided to install an all-electric power system, with 
colour light signals, the whole area dealt with being divided into track-circuited 
sections for automatic and semi-automatic block working in# substitution for the 
existing * lock and block.’ This was thought to be the best method for dealing with 
the very dense traffic which prevails during the morning and evening rush hours. 

Hew signal-frames, the levers of which are of the miniature type, have been 
provided at both Charing Cross and Cannon Street stations, and the usual mechanical 
locking is provided. 

Immediately behind each lever is a small light repeater, which indicates the eSect 
of the operation of the lever. In the case of the running-signals the four aspects — 
green, double yellow, single yellow, or red — are repeated one at a time in accord with 
what is shown at the signal. Similarly, two small lights, green and red, are provided 
behind the shunt signal-levers. The letter *H’ or ‘E’ appears behind the pdmt- 
levers according as the points lie * normal ’ or ‘ reverse,* and if the points are in neither 
of these positions, the indicators show blank. 

An illuminated track-circuit diagram, showing the whole of the lines, points, and 
CTgnftls controlled from the signal-box, is fixed at the back of the frame in full view of 
the signalmen, and by this means the signalmen see the condition of the line as 
r^ards traffic over the whole area they control. 

Two sources of electric supply have been provided, namely, altematang current 
for the lamps in the light-signal aspects, the track-circuits, and the electric locking in 
the frame, and direct current for working the point-movements and the route- 
indicators, A second source of power for the point-movements, consisting of two 
TO-cell accumulators, has been arranged for, in ease of emergency. 

In the automatic sections, the signal-aspects are controlled by the conditions of 
the road ahead, and normally show green. Within station limits the roads are 
normally blocked until the signal-lever is reversed, after which the signal-aspects are 
automatically controlled by the traok-circuited sections ahead. If the block sectbn 
immediately ahead of a signal is occupied, the signal remains red ; if one section ahead 
is cigar, a single yellow fight will be exhibited ; if two sections ahead are unoccnpaed, a 
donble yellow light will be seen ; and if three or more sections ahead are clear, the 
green light will be displayed. The information thus conveyed to drivers enahte them 
to control the speed of the trains with a greater d^ree of fiexibifii^ than. is ttte case 
with three-aspect signalling. 


* ‘ The Eemodelling of Charing Cross and Gannon Street Station^’ by George 
Eiison ; abstracted by kind permission of ihe Author and the Xh^toMcsa from Progs, 
Insi, C,E.^ Vol. 223, p. 17:1 et seq. 


VOE. III. 
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The light signals can easily be seen by day and by night, and to provide against 
a light going out, when no signal would be exhibited, each incandescent lamp has two 
filaments, placed very nearly in the focus of the lens, which burn together. If one 
filament burns out, a reduced light is given, and drivers call attention to the fact. 
At the same time, the lamp takes less current, and this is arranged to dim the lamp 
in the indicator behind the lever in the signal-frame, which calls the signalman’s 
attention to the matter. 

In the single-rail track-circuits one rail is insulated and set aside entirely for the 
track-circuit, the other rail being used in common by the track-circuit and the traction 


Double Dali Single Fall 

Track Circuit ^ Track Circuit 



Fig. 412. — Southern Railway : Diagram of typical track-circuits for signalling. 


currents for their respective returns. The track-circuit current is taken direct from 
the main to a transformer and thence through a variable condenser to the feed-rail. 
It then passes to the relay end of the track-circuited section and back by the opposite 
or return rail to the feed end, which is connected to the other terminal of the 
transformer (see Fig. 412). 

In the double-rail track-circuits two or three resonated impedance bonds are 
used to allow the return traction current to pass through both rails without interfering 
with the track-circuits. 
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Springs, and Steel for Laminated Springs. Part 4. Steel 
Forgings, Blooms, and Castings. Part 5. Copper Plates, 
Rods, Tubes and Pipes, and Brass Tubes. Part 6. Steel 
Plates, Angles, etc., and Rivets for Locomotives, Carriages, 
and Wagons. 

No. 47. — Steel Fishplates. 

No. 51. — Wrought Iron. 

No. 64. — Fishbolts and Nuts for Railway Rails- 

No. 68. — British Standard Method of Specifying the Resistance of 
Steel Conductor Bails. 

No. 79. — Special Traekwork for Tramways. 

No. 101. — Tramway Tyres. 

No. 102. — Tramway Axles. 

No. 103. — Falling Weight Testing Machines for Rails. 

No. 104. — flight Flat Bottom Railway Rails and Fishplates. 

No- 105. — flight and Heavy Bridge Ifype Railway Rails. 

No. 149. — ^Wrought Iron Wheel Centres for Electric Tramvra.y Cars. 
No. 150. — Cast Steel Wheel Centres for Electric Tramway C^rs. 

No. 173. — Electrical Performance of D.O. Series-Wound Tractioii 
Motors. 

No. 235. — Gear Wheels and Pinions for Electric Tramways- 

No. 376. — ^Railway Signalling Symbols, Part 1, Schematic Symbols. 

No. 452. — ^Tractive Annature Direct-Current Neutral Track Bdays. 

No. 454. — Train-Lighting Accumulators (Lead-Acid Type). 

No. 456. — Track-Circuit Insulation. 

No. 468. — SoEd Rolled Steel Railway Wheels and Disc Wheel Centres. 
No. 469. — ^Electric Lamps for Railway Signalling. 

No« 484. — Rolled Steel Disc Wheel Centra for Electric Tramway Cstrs. 
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CHAPTER 36. 


EIjECTRIC road vehicles. 

935 . Types of Electric Road Vehicles. — The vehicles con- 
sidered in this chapter differ primarily from those discussed in the 
two preceding chapters in that they run on the ordinary road 
surface instead of on rails. Starting from the tramcar, we may 
at this with rubber-tyred wheels and provide for it a second over- 
head line and trolley boom (in place of the rail-return circuit), and 
the car will then be able to run on the ordinary roadway. It 
becomes, in fact, a traohless trolley-bios (§ 954), and though it has 
valuable manoeuvring powers in traffic on a particular road, it is 
restricted to routes on which trolley wires are provided. Now 
trolley wires are costly to erect (§ 925), and the outlay may not be 
justified. For general service we may go further and dispense with 
the overhead lines (which bring energy from the central station) 
by providing a generating station on the vehicle itself in the form 
of a petrol-driven dynamo. "We have then a self-contained petrol- 
electric vehiele (§ 953). A third alternative is to carry a store of 
potential electrical energy on the vehicle by using accumulators or 
storage batteries, in which case we have a battery vehicle — self- 
contained so far as its actual running is concerned, but dependent 
on a central station or private generating plant for periodically 
recharging its battery. The electrically-driven vehicle has soifar 
not made the headway in Europe which might have been expected 
from its extended use in the U.S.A, Though the radius of action 
of battery vehicles is restricted, they have great advantages within 
that radius, especially if it is congested. The petrol-electric vehicle 
does not suffer from this limitation, and shares with the former 
the quieter running which is due to the absence of a gear-box. A 
farther recent advance, shared hy all sorts of road y^hicles, is the 
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•use of a servo-motor for semi-antoiiiatic braking ; the servo-motor 
provides most of the effort needed, while the driver can, withont 
effort, regulate the precise amount of effort required. 

In the case of non-electric heavy road vehicles, the 6-wheeled 
truck is coming into extensive use, both in the "rigid’ and 
"articulated’ types; and electrics are following suit. The main 
object is to enable surfaces to be negotiated that would be diflScult 
with the usual four wheels ; but on smooth track the extra wheels 
enable heavier loads to be carried, as there are often restrictions 
as to the permissible load on one axle for crossing bridges not built 
for modern traffic. The Times "Review of Commercial Motor 
Yebicles, 1928,’ also calls attention to an 8-wheeled lorry, with a 
total weight of 7|- tons. Another tendency is towards dropping 
the frame, so as to give a lower centre of gravity, increase the 
margin of safety, and expedite loading and unloading. 

936. Battery Vehicles or ‘ Electrics ’ : General Description 
and Advantag'es. — The essential parts of a storage battery vehicle 
(apart from the frame, body, and wheels of the vehicle itself) com- 
prise a battery of storage cells, an electric motor, an electric 
controller, the necessary electrical connections, and mechanical 
connections between the motor and road wheels. Defects in stor- 
age cells and the application of battery vehicles to unsuitable 
classes of service were responsible for most of the failures in early 
experiments with these vehicles. Unfortunately these failure 
gave battery vehicles as a whole a had name in many quarters. 
However, very satisfactory traction batteries are now available, 
and the battery vehicle is thoroughly established in America and 
may be expected to gain ground in this country as facilities for 
battery-charging become more general. The outstanding merits of 
the " electric ’ (this term being a convenient and accepted abbrevia- 
tion for the cumbersome name " electric storage battery vehicle ’) 
are its simplicity and durability. Its chief disadvantages are limited 
mileage per battery-charge (§ 937) and high first cost. The latter 
disadvantage is sure to be removed as manufacture becomes 
standardised and wider in extent. It is doubtful whether the 
economically practicable mileage per charge for a passenger car 
will be iucreased, in the near future, much beyond 60 or 70 mii^, 
so that the practicability of touring by " electric ’ depends on the 
development of suitable battery-charging facilities all over the 
country (§ 950). In the meantime the most advantageous applica- 
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tion of electrics is to commercial, industrial, and municipal service 
in and around towns. For such, work 40 or 50 miles per charge 
is ample, and in delivery work or in traffic, where starting and 
stopping are frequent, the smooth and rapid acceleration of electric 
vehicles gives them a higher average speed than petrol vehicles 
which have considerably higher maximum speed. There is no 
current consumption and no machinery in motion when an electric 
is standing still. The electric vehicle is clean, safe, and silent. It 
has few mechanical parts, and those are simple. The electric 
motor is a much simpler and more durable machine than the petrol 
engine, and the electric vehicle needs no clutch, change gear-box, 
carburettor, magneto, sparking plug, cooling fan, oil pump, radiator, 
or water-cooling system ; further, it requires no store of highly 
inflammable fuel No special skill is required to drive an electric, 
and the vehicle cannot .be ‘ overdriven ’ to the detriment of the 
tyres and mechanical parts. Due to automatic fall in speed of the 
motor on increasing load, and to the high overload capacity of 
motor and battery, the hill-climbing capabilities of an electric are 
excellent. Its smooth acceleration favours long life of tyres, and 
due to this and to the simplicity and durability of the mechanical 
components, the overall depreciation on an electric is low, and 
modern battery vehicles may be expected to last at least 15 years 
and run 150 000 miles or more. There are already many vehicles 
in service which are more than 20 years old and the majority of 
modern electrics are likely to last as long. Energy is obtainable 
at low prices from central stations (§ 950), but does not represent a 
large fraction of the total operating cost (§ 947). Interchangeable 
bodies can be used conveniently, whether to adapt a heavy chassis 
to different industrial or municipal services, or to convert a light 
delivery van into a passenger car. 

The dead-weight of the battery carried may be set against the 
weight of clutch, gear-hox, and other equipment essential to a 
petrol car hut unnecessary on an electric {see also § 938). The 
petrol car has undoubtedly the advantage in point of maximum 
speed and range of action. A 1 260-lb. nickel storage battery 
suffices to drive a 1-ton electric, say, 50 miles (§§ 939, 946), whilst 
the same weight in petrol (corresponding to 160 gallons) would 
drive a similar petrol vehicle, say 2 400 miles ; actually, only 10 
to 15 gallons of petrol would be carried, and the dead-weight of 
this averages only Ao^Z/the weight of the tankful, whereas a battery 
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vehicle has always a heavy battery as dead-weight.* A fresh 
supply of petrol can be obtained almost anywhere in the country, 
and the weight of a spare 2 -gallon tin for emergency use and 
sufl5cing for 20 to 40 miles’ rxmning is only about 18 lb. For 
long-distance high-speed work the petrol car is unrivalled, but for 
‘ short haul, frequent stop ’ service the electric battery vehicle is 
the better, both in point of average total cost per ton-mile and in 
point of average speed (including stops). Considerable skill is 
required to drive and maintain a petrol vehicle, and the large 
reserve of power necessary for hill-climbing (due to the negligible 
overload capacity of a petrol engine) is liable to be misapplied to 
obtaining excessive speed on the level, with results disastrous to 
vehicle and road alike. This consideration is specially serious 
where commercial vehicles are concerned; for them an average 
speed from 8 to 15 m.p.h. (according to weight) is all that is neces- 
sary or desirable. 

937 . Electric Vehicle Service Data.— Trackless trolley-buses 
(§ 954) are limited to public passenger service, and petrol-electric 
operation (§ 953) is practically confined to heavy passenger-carrying 
or industrial vehicles, but storage battery propulsion is applied to 
an immense variety of vehicles ranging from small trolley-trucks 
up to the heaviest industrial wagons. Leading partienlars of a 
number of typical electrics are given in Table 199. It will be seen 
that the pleasure vehicles range from electrically propelled bath- 
chairs to five-seat touring cars capable of 20 to 30 m.p. h. on level 
roads. It is incorrect to suppose that electrics are incapable of 
high speed ; battery cars have been built for speeds exceeding 60 
m.p.h., but naturally the battery has had to be large and unduly 
heavy to obtain any useful mileage per charge. For ordinary 
service the speeds and mileages shown in Table 199 represent a 
reasonable compromise. Industrial electrics range from low auto- 
trucks, suitable for taking goods from point to point in workshops, 
warehouses, railway stations, or on wharves, up to the heavi^t 
lorries and tractors capable of dealing with 5 to 10 tons useful 
load. The sizes of commercial van most generally useful have 
from i to 2 tons loading capacity. Battery-propelled fire-escape, 
ambulances, dust and water carts, road sweepers, and tower 


*This comparison must not be made the basis of conclnsioiis re^rding tbe 
relative total dead-weights of petrol and battery vehicfes- That matter is d^lt with 
in § 038. 
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wagons deserve mention. It shonld te noted that the battery 
provides energy for operating motor-tipping wagons, for operating 
portable cranes and machine tools on breakdown jobs, and for 
demonstration purposes when canvassing householders and others 
with a view to persuading them to make use of electricity supply. 
The maximum speeds and mileages given in Table 199 are only 


Ta-BLE 199 . — Typical Particulars of Electric Battery Vehicles. 


Description and Useful Carrying 
Capacity. 


Maximum Speed 
on Level, 
m.p.h. 

Mileage on One 
Battery Charge. 

Bath ohaiir (1 or 2 persons) , 


4-10 

30 

dDown coup6 or cab (4 or 5 persons) 

. 

15-25 

40-60 

Boadster (2 to 5 persons) 

• 

20-30 

55-70 

Shop, yard, or railway goods-handling 
truck (ito 5 tons) .... 

1-7 

25-80 

i-ton parcel-carrier (3 or d wheels) 


15-20 

50-70 

■^-ton van (3 or 4 wheels) 


12-15 

46-55 

1-ton van 


10-14 

40-50 

2-ton van ..... 


8-12 

35-45 

3-ton lorry 


7-10 

36-40 

S-ton lorry 


6-8 

35 

Ambulance (cf. |^-ton van) 


15-20 

30-50 

Water cart 

. 

5-10 

40 

22-passenger, 1-deck bus 

. 

12 

40-60 

1-ton tower wagon 

• 

12 

50 


approximate ; much depends on the circumstances of each case and 
on the battery employed ; by reducing the maximum speed some- 
what a useful increase in mileage can often be obtained (§ 941). 
Except in the case of passenger cars, cabs, and buses, modem 
battery vehicles can generally cover the average daily mileage re- 
quired on a single battery charge. When this is the case, the 
battery can be recharged during the night under favourable con- 
ditions and at favourable prices for current supply ; otherwise, the 
battery must he replaced by a fully charged one after doing half a 
day’s work, or the deficiency in battery mileage may be made good 
by a special ‘boosting ’ charge (§ 949), this alternative being preferT 
able. The annual mileage of pleasure cars is quite indeterminate; 
that of commercial vehicles varies widely, but may be taken to 
average 10 000 or 11 000 miles per annum in the ease of :i- to 
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1-ton deliveiy vans, and 5 000 to 7 000 miles per annum in tlie 
case of 4- or 5-ton lorries. A bus ninnmg in city and suburban 
service may travel 25 000 to 35 OOO miles per annum. Tlie 
annual mileage of ambulances, fire-escapes, and other special 
vehicles is often quite small ; it is the fact that an electric vehicle 
is ready for instant use at any time which makes it particularly 
valuable in such applications. 

938. General Arrangement of ‘ Electrics ’ ; Dead- Weight, 

— It is frequently impossible to tell an electric from a petrol- 
driven vehicle by casual inspection of its external appearance, the 
main structural features (frame, springs, road wheels, steering 
gear, etc.) and their arrangement being essentially the same in 
each case. Sometimes the electric veliicle has no ‘ bonnet ’ ; 
sometimes it has quite a shallow one, containing and giving access 
to the controller and dashboard instrument connections; and 
sometimes it has a full-sized bonnet, beneath which are located 
some or all of the battery cells. Other positions for the battery 
are under the driver's seat and in a frame slung under the centre 
of the chassis. It is convenient to be able to run the cells out 
quickly for inspection or replacement, but they are generally 
charged in situ. Unless front-wheel drive is employed, the 
motor is generally placed half way along the main frame or else 
near the back wheels, according to the precise type of mechanical 
transmission employed (§ 944), Solid rubber tyres are generally 
used on commercial electrics, and, due to the smooth acceleration 
and running of these vehicles, tyre-makers’ guarantees of 10 OOO 
to 15 000 miles’ life are often exceeded. It is well worth while to 
use nothing but the best materials and construction and ball or 
roller bearings throughout electric vehicles. 

Though the battery constitutes quite a serious dead load in any 
storage battery vehicle — say 7 to 11 cwts. in light vans carrying 
up to I ton useful load, and 1 to 1-| tons in a 4-ton waggon — 
there is considerable saving in other directions (§ 936). *3^ical 
values of dead-weight in terms of useful load are given in 
Table 200. 

As might be expected, the weight of the battery (and hence 
the total dead-weight) is relatively more serious in small than in 
larger vehicles. In very light eommereial vehicle (up to 750 lb. 
useful load), nickel accumulators may represent 35 to 40 and 
lead cells 45 to 55 of the’ total dead-weight ; whilst in larger 
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Table 200. — Dead-Weight and Useful Load in Electrie and 
Petrol Vehicles, 


Useful Load. 

(Tons.) 

Bead-Weight / Useful Load. 

Electric Vehicles. 

Petrol Vehicles. 

1 

5 to7 

3 

\ 

3 „ 4 

2 

1 

2 

If 

2 


14 

3 

It 

1 

5 

1 

0*8 


vehicles the battery accounts for 25 to 30 of the dead-weight, 
using nickel cells, or 35 to 40 7o» 'Rising lead cells. Steam wagons 
are at least as heavy as correspondhxg electric wagons, and often 
heavier when the weight of fuel and water carried is taken into 
account. 

939. Lead and Nickel Traction Cells : Characteristics and 
Life. — ^The present importance and value of battery vehicles de- 
pend fundamentally on improvements made in storage cells during 
recent years. The pasted lead-plate batteries used about thirty 
years ago, in the early days of the motor-car revival in this 
country, weighed over 1 cwt. per H.P.-hour of energy stored 
(corresponding to 6 Wh per lb.), and required fresh plates after 
IQO or so cycles of charge and discharge. The latest lead traction 
cells weigh 60 to 85 lb., and the Edison nickel cell (§ 434) about 
50 lb., per H.P.-hour; the life, in cycles of charge and discharge, 
being 600 to 700 or more for lead cells and 1 500 or more for 
nickel cells. As compared with the former figure, these values 
of weight per H.P.-hour represent a marked advance — an advance, 
it is true, less considerable than had been hoped for, but one which 
has demanded infinite labour for its attainment. The improve- 
ment in mechanical strength of storage batteries has been more 
notable. Lead-plate batteries, as now constructed specially for 
traction work, may be expected to run 15 000 miles, and even 
25 000 miles or more if treated well, before fresh plates become 
necessary. Edison nickel cells for traction service are supplied 
under a guarantee of full rated capacity at the end of four years’ 
use, during which 45 OOO to 60 000 miles may be run in com- 
mercial service. It should be remembered, however, that nickel 
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cells are generally between three and four times as dear as first- 
ciass lead traction cells in first cost, for the same efTeetive kWh 
capacity. The four years’ guarantee gives an element of security 
which should be particularly appreciated where service is heavy 
and annual mileage high, but, on the other hand, manufacturers of 
lead traction cells are prepared to enter into reasonable mainten- 
ance contracts on a mileage basis ; so that, when choice of cell m 
permitted, decision should be reached by considering relative 
capital and annual costs for alternative equipments in the par- 
ticular case concerned The nickel cell will stand mechanical and 
electrical abuse which would ruin a lead cell ; a user who has a 
maintenance contract for lead cells may not feel concerned about 
this difference, but the terms of the contract are naturally deter- 
mined ultimately by the characteristics of the cell in service. 

The general nature and action of lead traction cells are 
identical with those of lead-plate storage cells for stationary 
service (§ 4?31), hut, to combine minimum weight with maximum 
strength, special mechanical arrangements have been devised for 
the lead skeleton and active material of the plates. These arrange- 
ments are such, also, as to render the active material specially 
accessible to the electrolyte and to electrolytic action. In the 
‘ Ironclad-Exide ’ storage cell, for instance, the positive plates 
consist each of a number of vertical pencils carried between top 
and bottom horizontal bars. Each pencil has a leaden core 
covered with lead peroxide and surrounded by a hard rubber 
tube, which is slotted to permit access of electrolyte without 
permitting the escape of active material. The rubber sheathing 
allows for expansion and contraction of the active material, and 
is formed with projecting ribs which stiffen it and act as spacing 
pieces, so that only a plain wooden diaphragm is required between 
plates. The negative plates are of pasted construction, the active 
material being held in narrow grooves in a light but stiff casting. 
The low internal resistance of modem traction cells permits heavy 
charging or discharging currents without serious heating, and 
favours high Wh efficiency (§ 481). 

The Edison cell (§ 484) uses nickel oxide and iron as its active 
materials, and a 21 °/^ solution of caustic potash in water as 
electrolyte. There is practically no deterioration of the cell when 
standing idle or over-discharged, and in particular there is no 
sulphation (which is the great source of trouble in lead cells). All 
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the mechanical parts of the Edison cell are of steel. The positive 
plate consists of a number of tubes made hy winding perforated 
nickel strip helically and securing it by steel rings ; adjacent tubes 
are wound in opposite directions so that there may be no bucMing. 
The tubes are held in a nickel-plated steel frame, and each tube is 
filled under pressure with alternate layers of flake nickel and 
nickel hydroxide. For the negative plates a mixture of iron 
oxide with a trace of mercury is pressed into corrugated and 
perforated steel pockets, which are then forced into a steel frame. 
An A-8 cell has eight positive plates measuring 4| in. by 9^ in. 
each ; whilst a B-6 cell has six plates, each 4f in. by 4jf in., and 
so on. Plates of similar polarity are bolted together and to a 
terminal stem which passes through a special stuffing-box in the 
cover of the container. The latter is of corrugated steel plate, 
with welded joints, nickel -plated, and painted with insulating 
composition. Rubber separators are used between plates, and a 
filling vent with cap and gas vent is the only opening in the 
finished cell. During the first charge the green nickel hydroxide 
is converted to Hack nickel peroxide. Thereafter the cycle con- 
sists in oxidation of iron and reduction of MOg to N^Og on 
discharge ; and in reduction of iron oxide and oxidation of NigOg 
on charge. 

The electrical characteristics of lead and nickel cells differ con- 
siderably (see also §§ 431, 434), and those of lead cells vary con- 
siderably according as the cells are built for stationary or traction 
service; lead cells for stationary service are dealt with in §§ 439 
et seq. The higher efficiency of the lead cell and its higher 
voltage go a good way towards compensating for its heavier con- 
struction as compared with the nickel cell. A lead storage 
battery requires from 2'0 up to 2*6 V per cell during cbargiag, 
and yields from 2’2 down to 1-85 V on discharge. A nickel 
battery, however, requires 1*55 to 1*85 Y per cell for charging, 
and yields 1*35 to 1*05 V on discharge. The average voltage per 
cell during discharge may be taken as 2 Y in lead, and 1*2 Y in 
nickel batteries.* Due principally to its lower voltage per cell, a 

* The Ah capacity of a traction-type storage cell is usually quoted at the 
S-lir. rate- At this rate the permissihle discharge current of a lead cell is about 1*7 
tim^ the lO-hr. discharge current, the Ah capacity is about 88 of that on lO-hr. 
discharge and the permissible jSnal voltage on discharge is about 1*81 V {see !Fig. 
156, § 481). The average voltage of the cell during such a discharge is about 1*92 V 
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nickel battery occupies more space than a lead battery for equal 
energy storage. A modern lead traction battery stores 1-5 to 
2 kWh per cu. ft. of space occupied, whereas a nickel battery 
stores 1'2 to 1'3 kWh per cu. ft. A lead battery, however, store.s 
only 8 to 10 Wh per lb. of cell (complete), whereas a nickel cell 
stores 12 to 14 Wh per lb. Reckoned on normal charge and dis- 
charge, the ‘ampere-hour eflaeiency’ (= Ah output / Ah input) is 
85 to 90 % in lead and 75 to 80 °j^ in nickel batteries ; whilst the 
‘ energy or watt-hour efBeieney ’ ( = Wh output / Wh input) Ls 
70 to 80 7o in l®ad and 55 to 60 °/^ in nickel cells. Both ampere- 
hour and watt-hour efficiencies are considerably higher on rapidly 
alternating short-period charge and discharge, and this is of some 
interest in connection with boosting charges (§ 949) and regenera- 
tive braking (§ 900); but as a matter of fact the 20 7„ or so 
difference .in watt-hour efficiencies between lead and nickel cells 
is not a vitally important consideration. The actual energy eon- 
.sumption of a battery vehicle is so low that even the 30 higher 
input required, for equal kWh output, by a battery of 20 7„ lower 
Wh efficiency, does not represent a large addition to the running 
cost. 

I'or example, a 300 Ah, 60 V battery may sufSce for 40 miles’ running of a. 
2-fcon van. The total battery output is 300 x 60 / 1 OOO == 18 kWh, and this 
corresponds to an input of 22*5 kWh or 30 kWh, according as the watt-hour 
efficiency of the battery is 80 7o or 60 7o- The difference in favour of the more 
efficient battery is 7*5 kWh or (at Id. a unit) 7*5 / 40, Le, 0*19d. per mile. On a 
total of 8 000 miles per annum this represents £6 6s. — an appreciable sum, but not 
one of such magnitude as to decide alone the use of one type of battery in preference 
to the other. 

Whereas 6(X) to 700 cycles of charge and discharge (corre- 
sponding, say, to two years’ service and 16 000 to 20 000 miles’ 
travel in delivery work) is about as much as one can count upon 
getting from a set of lead plates in traction batteries, the capacity 
being then reduced to about 80 7o original value, a nickel 

cell has still its original capacity after 1 000 to 1 500 cycles of 
charge and discharge, and may be in service for from 6 or 8 years, 
during which period a distance of from 60 000 to 00 OOO miles 
may he covered. So far as published data go at pr^nt, they 
appear to favour lead cells for use where mileages are moderate 

(Fig. 154, § 431). If the average voltage per lead cell is to remain akiut 2 V for a 
period of 4 or 5 hours, the discharge current must not exceed that of the 10*hr. 
rate, as will be clear from Fig. 154. 
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and low capital cost a consideration, and nickel cells for high 
annual raileag^es and for cases where the high initial investment 
can be afforded. In September, 1915, there were nearly 600 
electrics in use or on order in Great Britain, and of these about 
63 7o °/o o.ickel cells. By September, 1925, 

the number had risen to about 2 000 ; but it had fallen to 1 352 
on September 30, 1931.^ 

940. Number of Cells; Ampere-Hour Capacity. — Theoreti- 
cally any number of cells could be used on a battery vehicle to 
provide the watt-hours storage capacity considered desirable. 
The total energy output available (in Wh) — battery output in 
Ah X average total battery voltage. Using N cells, averaging 2 Y 
(lead) or 1*2 Y (nickel) each, the total battery voltage is Y x 2 Y 
or Y X 1*2 Y, so that, to maintain a certain watt-hour product, we 
may use Y cells of a certain Ah capacity or Y / 2 cells of twice 
that Ah capacity or 2 Y cells of half the original Ah capacity, and 
so on. Carried to its limits, this means that we could use one 
very large cell, 50 medium-sized ones, or several hundred very 
small ones. Considerations of first cost, maintenance, size of 
wiring, efficient insulation, mechanical strength, and convenient 
size of cells determine the use of a medium number of reasonably 
large cells ; whilst consideration of convenience in recharging cells 
(§ 948) suggests that the maximum voltage required by the battery 
for charging should be about 110 Y or 220 Y, these being standard 
pressures for public electricity supply (§ 23). Practice varies 
somewhat among makers of lead-battery vehicles ; from 40 to 46 
cells are used, but 42 cells may he taken as the most common 
allowance. Standard Edison vehicles employ 60 nickel ceEs. 
Small trucks and miscellaneous special types of vehicle employ 
other numbers of cells to suit individual circumstances, but general 
service electrics use batteries which are fairly well standardised at 
42 lead or 60 nickel cells. These figures correspond to from 81 to 
84 V mean discharge voltage for the lead battery and 72 Y for the 
nickel battery (§ 939) ; the maximum charging pressure required 
across the battery itself is 110 Y in both cases, but whereas the 
voltage of the lead cells does not fall more than about 10 during 
the steady discharge period, that of nickel cells falls 15 to 20 % 
(i.e. from 78 Y to 66 or 63 Y). 

^ Pull statistics of road Teldcles are given in Ministry of Transport Eepoii, 
Ho. 37a, ‘ Boad Yehicles — G-reat Britain, 1932.’ (H.M. Stationery Office.) 
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Just as the overall efficiency of petrol traction is expressed by 
the average petrol consumption per ton-mile, so is that of electric 
traction expressed by the watt-hours energy consumption per ton- 
mile. On good level roads and referred to the gross weight of 
vehicle, an average figure for a battery vehicle is 120 Wh battery 
output per ton-mile (§ 946). In other words, if 

W ~ gross weight of the vehicle in tons, 

M — miles iimvelled per battery charge, 

JN' — number of cells in battery, 

V = mean discharge voltage per cell, 

C ~ ampere-hour output capacity of battery, and 
e = watt-hours battery output per ton-mile, 

we have 

e = {G X. N X Y) I (W X M) Wh per ton mile. 

Hence the battery capacity (7 = (e x W y. M) / (N x V) Ah. 
Assuming as an average value of e, 120 Wh per ton-mile (§ 946) ; 
and taking V ~ 2*0 V per cell for a lead battery and 1*2 Y for a 
nickel cell ; and allowing 42 cells in the lead, and 60 cells in the 
nickel battery, we have 

Ah capacity of battery = 1*42 IF x M, using lead cells, 
and = I'GT IF x if, using nickel cells. 

The numerical coefficient in these equations varies with the actual 
energy consumption per ton-mile (§ 946 ) ; the values assumed for 
N and V are practically standard. 

Table 201 shows the actual Ah capacity of batteries provided in 


Table 201 . — Typical Ampere-hour Capacities of Electric 
Vehicle Batteries, 


Useful Load of Vehicle. 

Lead Cells 
(4 to 5 Hotit Bate). 

Kickel Cells 

(all Practical Rates ; §941). 

i ton .... 

120-130 Ah 

160-200 Ah 

1 „ - . - . 

140-160 

225-250 

2 tom .... 

170-220 

300 

a „ .... 

200-250 

375 

4 „ .... 

250-300 

450 


a number of electrics now in service, and it is interesting to see 
how thase data compare with results obtained from the above 
equations. In the case of a |-ton van the gross weight may be 
2 tons (Table 200), and the mileage per charge, 45 (Table 199), so that 
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a suitable battery* capacity would seem to be 1*42 x 2 x 45 = 128 Ah 
using lead cells, or 1*67 x 2 x 45 = 150 Ah, using nickel cells. In 
the case of a 3-tou wagon, the gross weight may be 2| x 3 or 
6*75 tons (Table 200), and 35 miles per charge would be suitable 
(Table 199). On this basis the above formulae suggest a lead 
battery of 1*42 x 6*75 x 35 or 335 Ah, or a nickel battery of 
1*67 X 6*75 X 35, i.e. 395 Ah capacity. All of these results are 
in reasonably good agreement with Table 201. 

941, Battery Capacity and Discharge Rate, — The ampere- 
hour capacity of any particular nickel cell is practically a physical 
constant of that cell (§ 434), but the quantity (Ah) of electricity 
which can safely be withdrawn from any lead cell depends a great 
deal on the rate of discharge (§ 431). It is frequently stated that 
a lead battery can be discharged safely do 1*85 Y per cell, and that 
when this voltage is reached the battery is discharged. This is 
true only where comparatively slow discharge is concerned. If a 
lead cell be discharged very rapidly it may be taken down to 1*75 
or 1*7 V per cell without injury, but the quantity of electricity 
which can be withdrawn during such a discharge may be half 
(or less) that obtainable during a slower discharge. It is neither 
desirable nor necessary to discharge a traction battery completely 
in 1 hour, but discharge often proceeds temporarily at that mte; 
hence it is important to remember (a) that the total output ob- 
tainable from a lead battery is reduced materially if the average 
current demanded is increased by reckless acceleration or by 
running over a hilly route ; and (b) that the com-pleie discharge of 
a nearly exhausted lead battery can often be postponed sufficiently 
to permit the vehicle to reach home, if speed and hence current 
consumption be reduced. Due partly to lower tractive resistance 
and partly to slower battery discharge, the vehicle mileage per 
charge is generally at least 10 7o gJ'Qater at 12 m.p.h. than at 
15 m.p.h. Though the exact ratio varies with the make of cell, it 
may be taken that the ‘ safe ' output of a lead battery, in terms 
of its Ah capacity on 10-hr. discharges, is 85 % 5-hr., 

50 at the 1-hr,, and 35 7^ at the l-hr. rate ; the minimum 
permissible voltage in* the four cases being 1*85, 1*83, 1*75, and 
1*7 Y per cell (see Fig. 165, § 431). The Ah capacity of lead 
fraction batteries is usually stated on the basis of a 5-hr. dis- 
charge, this being approximately the quotient of (Mileage per 
charge J Average running speed in miles per hour), 
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942. Instruments on " Klectrics.’— The instruments which 
naturally suggest themselves for use on a battery vehicle are an 
ammeter, voltmeter, and ampere-hour meter. An ammeter is 
less useful than might be expected. It is, of course, important 
that excessive discharge current be avoided, but an indicating 
ammeter may not contribute much to this end. The voltage of a 
lead-type battery is an index to its state of discharge only 'if the 
rate of discharge be known (§ 941), and the same remark applies 
to the indications of an. ampere-hour meter. For use with nickel 
cells, a reversible ampere-hour meter — fitted with a differential 
shunt or some other device, allowing for the fact that the total 
ampere-hour output is necessarily less than the input an 
amount corresponding to the inefficiency of the battery (§ 939) 
— does give a fair representation of the state of discharge. For 
use with lead cells, an ingenious instrument has been devised by 
Eankin, and consists essentially of two moving- coil instruments 
within a single case. One of the moving-coil instruments is 
connected across a shunt in the battery cable, and thus deflects 
proportionately to the discharge current. This deflection is trans- 
ferred through a special cam to a pointer which indicates the 
minimum permissible voltage per cell at the prevailing rate of 
discharge. The second moving-eoil instrument is connected across 
the terminals of a section of the battery, and indicates the actual 
voltage per cell by means of a second pointer moving over the 
same scale as the first. When the position of the two pointers 
coincides, the actual cell voltage is the minimum permissible at 
the existing rate of discharge, and unless the rate of discharge can 
be reduced the battery must be considered discharged. In this 
instrument, as placed on the market for use in electric vehicles, 
the driver has indicated to him, by two pointers moving over a 
single scale, the total battery voltage, the actual voltage per cell, 
the permissible final voltage per cell, and the actual value of the 
current at each moment. 

943. Motors for ‘Electrics/ — Series-wound motors (§§ 676, 
895) are generally employed in electrics, owing’ to their high 
starting torque and their valuable characteristic of slowing down 
automatically w’hen loaded heavily (by weight, road surface, or 
gradient). Compound-wound motors (§ 677) are sometimes used, 
chiefl.y in conjunction with special field control (§ 945). A single 
motor is to be preferred on grounds of economy in space and 
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weight and in point of machine eflSciency, but two motors are often 
used as an essential feature of the particular driving system em- 
ployed (§ 944), or to suit some particular system of control (§ 945)^ 
The choice of motor speed and power is affected by the weight, 
speed, driving system, and wheel diameter of the vehicle. The 
rated motor voltage should be selected on the basis of 1*9 V per cell 
for lead batteries and 1*0 Y per cell for nickel batteries ; this leaves 
a sufficient margin to ensure that full terminal voltage is main- 
tained on the motor during overload. The average efficiency of 
electric vehicle motors may he taken as 85 7o> overall 

efficiency (battery output to road wheel) as 60 to 75, 7o, depend- 
ing on the mechanical transmission employed (§ 944). 

By comparison with the engine power usually provided in petrol 
vehicles, the motor power provided in electric vehicles may appear 
inadequate. It must he remembered, however, that the average 
power developed by a petrol engine during a day’s run is much less 
than its nominal horse-power ; hut that the size of the engine is 
determined by the maximum power requirements, since a petrol 
engine has practically no overload capacity. On the other hand, a 
modern electric traction motor is capable of sustaining two or three 
times its rated load for half an hour or so, and may therefore be 
chosen to correspond closely with the average running-power 
requirements. 

Suppose th&t a GO-oell nickel batteiy of 450 Aii capacity runs a 4-toii wagon 
35 miles per charge at a constant speed of 7 (the maximum speed of which 

the vehicle is capable). The total energy output of the battery is 72 V x 450 Ah 
S2*4 kWh = 43*5 H.P.-hrs. The journey heing accomplished in 36 ^ 7 = 5 brs., 
the mean power output of the battery (or input to the motor) is 43*5 / 5 = 8*7 H.P. 
This figure is based on full-speed running on level road, and the motor actually 
provided might be a 6 H.P. machine capable of 15 H.P. for hr. or 1 hr, 
(Table 202). This example serves to show how very much below their rated power 
(and consequently below their maximum efficiency) petrol automobile engines 
must work (se& a^so § 953). A 4-ton commercial chassis by a certain first-class firm 
is fitted with a 40 B.H.P. petrol engine, and this is quite typical. 

Table 202 gives a general idea of the engine and motor power 
provided on petrol and electric commercial vehicles respectively, 
the data here given representing average modern practice. Single 
motors of fractional horse-power are fitted to small electric tracks 
atnd similar vehicles. On light vans two motors each of li or 2 
H.P. (and capable of 2 to 8 times this output for -J- hr. to 1 hr.) 
may be used,, or a single motor of equivalent power may be 
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Table *20*2. — JSoTse-jpower of Petrol and Electric Vehicles. 


Useful Load 
(Fans). 

Horse-power of Motor. 

In Petrol Vehicles. 

In Electric V ehicles. 

Hated. 

Maxinmni 
(for i to 1 hour). 


15-20 ^ 

2 

6 

1 

25 i 

3 

8 

2 

30 

4 

10 

3 

35 

5 

m 

4 

40 

6 

15 

5 

40 

7 

m 


employed. A certain make of electric landaulette uses two motors 
rated at 3^ H.P, each. Heavy eommereial vehicles use one or two 
motors totalling 15 to 20 H.P. (maximum). Naturally, the 
relatively low motor power limits the speed of electrics on hiUs, 
hut in commercial service there is no particular advantage in gain- 
ing a few minutes on hill work — certainly none comparable with 
the merits of electric vehicles in other respects (§ 936). 

944. Mechanical Arrangement of Drive. — It would be possible 
to install an electric motor in the position usually occupied by the 
engine of a petrol ear and to retain all the mechanical features of 
the standard transmission of the latter. There is no need, however, 
for a clutch in an electric vehicle, and all desired speed changes 
can be effected more conveniently and efficiently by electrical means 
(§ 945) than by using a change-speed gear-box. Eliminating clutch 
and gear-hox, wo^re left with a motor direct-coupled to a cardan 
shaft which drives the rear axle through a worm gear and differ- 
ential or, alternatively, through bevel gearing. In a modification 
of this arrangement the motor (which may be near the front or the 
rear of the chassis) drives a counterahaft instead of the road-whedl 
live-axle, and this countershaft is connected to the road wheels by 
side chains. So far, the motor axis has been supposed to lie alccig 
the centre line of the chassis. If the motor be placed across the 
frame, it may drive a countershaft through spur gearing or chain, 
transmission thence being by side chains as before. In the Cedes 
wheel all gears are eliminated. Two motor wheels (front or back) 
are used in each vehicle ; the field system of each motor is mounted 
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on a stub axle, the armature is attached to the wheel rim, and a 
radial bar eommutator is provided under an ' axle-cap ' cover. It 
will be seen that this gearless system requires the motor to run at 
the same speed as the road wheel ; to permit the use of a higher 
speed motor (which is lighter for equal power), simple spur gearing 
or ' sun-and-planet ’ gearing may be introduced between the motor 
spindle and road wheel, the motor still being mounted immediately 
alongside the wheel. It would hardly be fair to express preference 
for any one of these arrangements without going more fully into 
the matter than space permits. It is not difficult in any particular 
case to decide which transmission offers the best combination of 
efficiency with convenience of construction and operation. A 
countershaft and side-chain combination is very suitable for heavy 
commercial vehicles, so long as the chaiins be suitably enclosed and 
lubricated. 

945. Speed Control and Braking. — A great advantage of 
the electric motor, as compared with the petrol engine, is that it 
yields practically constant power over a wide range of speed. Speed 
control in all battery vehicles is by changing the motor speed, and 
the latter in turn is controlled by changing the voltage applied to 
the armature, by varying the field strength, or by a combination 
of these methods. The switch-gear used to effect the desired 
changes in connections is generally built on the same lines as a 
tramway controller. It is very desirable that a master-switch he 
iuterlocked with the brake pedal so as to open the battery circuit 
when the brakes are applied; without this safeguard a careless 
driver may waste much energy, besides wearing the brakes rapidly 
and reducing their efficacy. When the battery circuit is thus 
opened, the controller should return automatically to the ‘off’ 
position, so that acceleration and current consumption may be 
graded properly on releasing the brakes and recommencing normal 
running. Methods of varying armature voltage include the use of 
variable external resistance in series with the armature ; series- 
parallel control of battery sections, motors, or double-wound 
armature windings ; or combinations of these methods. External 
resistance in series with the armature necessarily involves wastage 
of energy, hence this method of control should not he used where 
avoidable. Groups of cells connected in parallel are apt not to 
share the total load evenly (especially when the cells are nearly 
discharged), but, on the other hand, parallel connection of ceUs 
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reduces the current demanded from each group so connected, and 
therefore increases the total ampere-hours which can be withdrawn 
from a lead battery (§ 941). From 4 to 6 forward speeds oc- 

casionally up to lO— are generally provided; the exact connections 
for each speed vary in different vehicles. The control system used 
with a pair of Cedes wheels (§ 944) is : (1) Motors in seri^ with 
each other and with external resistance. (2) Motors in series. 
(3) Field windings in parallel, armatures in series. (4) Fields and 
armatures in parallel. A six-speed schedule (used in Krieger 
landaulettes) is : (1) Two battery halves in parallel, two compound 
motors in series. (2) Battery halves in parallel, motors as series 
machines in series (shunt fields cut out). (3) Batteries in series, 
motors in series as compound-wound machines. (4) Batteries in 
series, motors in series as series machines. (5) Batteries in series, 
motors paralleled as compound machines. (6) Batteries in series, 
motors in parallel as series machines. Where only a single motor 
is employed, control may he by series-parallel arrangement of 
battery in two sections and by use of resistance steps ; by a similar 
arrangement supplemented by series-parallel manipulation of field- 
coil connections ; or by resistance steps in the main circuit and 
series-parallel arrangement of the field coils, supplemented by 
arrangements for shunting the latter (the battery being in series 
all the time). 

Luggage or goods trucks for use on platforms or in workshops, 
etc., are sometimes provided with as many reverse as forward 
speeds. Sometimes two, but generally only one, reverse speed is 
provided in road vehicles. Electro-dynamic braking is easily 
arranged for, and since the terminals of the motor (which then acts 
as generator) maybe connected through the battery, the latter may 
be recharged to an appreciable extent during retardation periods or 
when running downhill. The total mileage obtainable per battery- 
charge is thus extended, and the total running costs are reduced by 
the saving effected in net current consumption. For electro-dynamic 
braking to be possible, the vehicle must of necessity be in motion ; 
hence, to hold the car stationary and to act as reserve at other 
times, one or two mechanical brakes are necessary in addition to 
the braking notch on the controller. 

M(]Lef(iTl(L7te~3urg& ContTol System , — The object of this sysmm 
is to protect the battery from excessive current demand and 
to reduce the dead-weight of the battery and other electrical 
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equipment. Use is made of a special rotary ‘ electric valve ’ and a 
special shunt-wound driving motor which has the characteristics of 
a series-wound motor (§§ 676, 895). The following notes are 
abridged from Journoul Vol. i9, p. 93 et seq . : — 

Braking is entirely regenerative, the battery absorbing the energy returned. 
A high-efficiency rotary transformer or automatic electric valve transforms haJf 
the power supplied to the wheel motors and automatically limits the current that 
can be drawn from or returned to the battery ; it displaces the usual series-parallel 
controller. The regenerative action of the driving motor comes into play whenever 
the driver reduces speed or stops the vehicle ; in traffic, the battery operates under 
‘bufier’ conditions (rapidly alternating charge and discharge) and therefore at 
high efficiency and with minimum depreciation. When starting or hill-climbing 
with the controller ‘ full on,’ the torq^ue is four times that on the level, with only 
2^ times normal current in the armature. The entire control is carried out by 
means of a pedal and a single reversing lever. The vehicle speed is adjusted auto- 
matically to the gradient of the road. Bewer battery cells are required, and these 
of reduced size and weight ; the discharge rate being limited, the Ah-capacity is 
greater under working conditions (§ 941). It is not necessary to use two motors 
or a double commutator motor to obtain economical speed control. Energy, 
initial and upkeep costs are reduced, and the ratio of live to dead load is much 
increased. The control is so arranged that the motor can be made to give a small 
torque (negative or positive as required by the gradient) which ‘ holds ’ the vehicle 
electrically ; ordinary electro -dynamic braking is only effective when the vehicle 
is in motion. 

The system is of chief importance in connection with passenger 
buses and heavy commercial vehicles (see also § 953). 

946. Energy Consumption of ‘ Electrics.’ — So many factors 
affect the energy consumption of road vehicles that data relating 
thereto have httle meaning unless qualified by a statement of con- 
ditions so lengthy or complex as to render comparisons between 
vehicles most difficult. It is a frequent experience that a vehicle 
which seems from a first inspection of its performance data to be 
very inefficient is actually found to he very economical when due 
allowance is made for road surface, gradient, wind pressure, and 
other influential factors. In an electric vehicle the basis to which 
energy consumption should be referred is the kiWh-input to the 
battery, since this is what has to be paid for. It has been shown 
(§ 880) that the ^ power required for uniform vehicle speed on the 
level can be referred to tractive resistance per ton weight moved. 
If the tractive resistance be r lb. per (gross) ton, the work don© 
per ton-mile == (5 280r) ft .-lb. = (l‘99r) Wh. Assuming 70 7a 
overall efficiency for motor and transmission gear (§ 943), the 
motor input (i.e, the battery output, very nearly) = l*99r / 0*7 
== (2*85r) Wh per ton-mile. Taking the watt-hour efficiency (i| 
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lead and nickel cells to be 75 % and 55 % respectively (§ 93fl), 
we find that the battery input required Ls about (3-8r) Wh per 
ton-mile with lead cells and (o-2r) Wh per ton-mile with nickel 
cells. The whole difficulty Ls to decide what is an average value 
for the coefficient r of tractive resistance.* Air resistance i.s not 


* Reference may be made to a paper on the tractive resistance to an electric 
wagon equipped with solid rubber tyres and running on various urban roads at 
speeds up to 15J m.p.h. (A. B. Kennelly and O. R. Schurig, Am, I.KJ5. Proc., 
Vol. 35, 1011-1039, June, 1916). Though the tests described are limited in scope, 
in that they relate to a single vehicle on urban roads and take no account of 
windage, they are very instructive. Some of the principal conclusions reached are : 
(1) IMechanical efficiency of transmission from motor shaft to rear wheel treads, 
through shaft drive and single-reduction worm gear, may be as high as 90 7 . 
Under the most favourable conditions, the overall efficiency from battery terminals 
to rear wheel treads rose to 78 (2) Tractive resistances are most conveniently 

expressed as an equivalent percentage grade; e,g. a level road of tractive resistance 
r lb. per ton may be regarded as a road of zero tractive resistance, but rising uni- 
formly r / 22*4: units in 100 units of road length, i.e, having an equivalent grade of 
r / 22*4 °/q. (Note . — A tractive resistance of 10 kg. per metric ton is equivalent to 
1 % gi^ade.) (3) Tractive resistance on level roads in the absence of wind is com- 
posed of displacement, impact, and air resistances. Displacement resistance varied 
in these tests from 0*85 equivalent grade {19 lb. per ton) for hard smooth asphalt 
to 1*6 “/o (36 lb.) for a veiy soft tar macadam, and was practically constant for any 
given road. Impact resistance increases with speed (more rapidly on rougher roads), 
with road roughness, and with total weight of vehicle; it is negligible on good 
asphalt or other smooth pavement, and reaches its maximum value on badly worn 
macadam or granite-block roads with sand-filled joints. At 12*4 ni.p.h. air resistance 
for the vehicle tested was 0*11 °/o equivalent grade (2^ lb. per ton), i.e. 4 °f^ on the 
highest and 12*5 on the lowest total tractive resistance. (4) The following urban 

pavements are enumerated in the order of their desirability from the point of view 
of low tractive resistance at 12^ m.p.h. The total tractive resistance incimses nearly 
in direct proportion to the speed between the limits 10 and 15 m.p.h., and the figures 
bracketed below are the mean values obtained for total tractive resistance at 10 and 
15 m.p.h. respectively, expressed in lb. per ton. (of 2 240 lb.) and in percseatage 
equivalent grade: Asphalt (21-23 lb., 0*93-1*03 grade) ; wood block (24|“27| lb., 
1*1-1*24 % grade); hard, smooth macadam (23^-29^ lb., 1*06-1*32 % grade); 
brick block (25-31 lb., 1*13-1*38 7o 1 granite block, cement-filled jointe 

36 lb., 1-17-1*62 % grade) ; cinder (28-35 lb„ 1*25-1*56 7^ grade) ; gravel (31-37 Ib., 
1*38-1-65 7o grade) ; granite block, sand-filled joints (40-58 lb., 1*88-2-6 7o 8^®)- 
(5) The tractive resistance of a badly worn macadam road may be three tames that 
of a good asphalt road. Increasing the grc®s weight of the vehicle increases the 
tractive resistance on rough roads but not on smooth roads (within observed speed 
limits). A layer of dust 1 cm. (0*4 in.) thick adds about Sf lb. (0*15 equivadent 
grade) to the tiacfave resistance per ton at all speeds tested. (6) The t<^W range of 
tractive resistance covered in these tests was from 21 lb. per fcmi (093 % 
grade) on best asphalt at lowest speed, to 60 lb. (2*7 % grade) cm worst macadam at 
12| m.p.h. These resull® are reasonably consistent with the average figure stated 
in the text. 
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a very important item till the speed with regard to the air reaches 
about 20 m.p.h., though of course the wind-catching surface of 
commercial vehicles is large. The influence of tyres and wheel 
diameter is appreciable, but the nature of the road surface is the 
most important factor. On hard, smooth asphalt the resistance 
to traction may be 30 lb. or less per ton ; on granite setts, according 
to their smoothness and cleanliness, it may be anything from 30 
up to 6() lb, per ton; the resistance offered by a macadam surface 
is very variable and may be lower than 40 Ih., or, if the road be 
wet and cut up, the resistance may exceed 90 lb. per ton. Gradients 
at once add to or subtract from the effective tractive resistance at 
the rate of 22^ lb. per 1 % slope. Probably 60 lb. per ton is as 
low a coefficient of tractive resistance as can he hoped for in average 
town and suburban service, and this, of course, is assuming level 
roads. On this basis the energy input required is 3*8 x 60 = 230 Wh 
per ton-mile with lead cells, and 5*2 x 60 == 312 Wh per ton-mile 
with nickel cells. These results, which represent no more than 
a general estimate on the bases assumed, may be compared with 
the data in Table 203, which is compiled from a number of sources; 


Table 203. — A^roximate Energy Consumption of Electric 

Vehicles. 


Vehicle and Useful 
Load, 

Battery Output — 
Wh per Gross 
ton-mile. 

Battery Input — Wh per Gross 
ton-mile. 

Lead Cells. 

Nickel CeUs. 

2-passenger runabout 

220-190 vsm 

300-250 Wh 

400-350 Wh 

§-fcoii van 

210-190 

280-250 

380-360 

1- to 2-ton van 

165-135 

220-180 

300-250 

3- to 5-ton wagons 

130-110 

170-150 

240-210 


since this table does not take specific account of the variables 
mentioned above, it must be accepted simply as a general indication 
of the energy consumption of electrics. Principally owing to the 
higher speed of lighter vehicles, the energy consumption of the 
latter per ton-mile is relatively high. By 'coasting’ wherever 
possible, and by using the brakes as little as possible, a careful 
driver can effect considerable current economy. Due to the higher 
energy consumption per gross ton-mile, to the higher percentage of 
dead-weight, and to the greater annual mileage of light vans as 
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compared with heavy wagons, the annual energy consumption of 
the former is relatively greater. For instance, the annual current 
consumption per ton of useful load capacity may be 9 000 kWh in 
a i-ton van, 3 500 kWh in a 2-ton van, and 2 000 kWh in a 5-ton 
vehicle. 

947- Total Running Costs of " Electrics/ — The total running 
cost of any automobile is a vexed question, due to differences in 
opinion as to what charges should be included. A mass of data 
has been published by the partisans of particular machines or 
equipment, without qualification as to the conditions to which the 
figures refer. With the best intent it is difficult to give costs 
which shall be generally acceptable, owing to the enormous in- 
fluence of individual circumstances. It is believed, however, that 
Table 204 gives a reasonably fair statement of the costs of running 


Table 204 . — Average Running Costs far Battery Vehicles. 


Pence Per Car-mile. 

j^l-ton Vans. 

3-5-toii Wagons. 

Interest, depreciation, and insurance 

d. 

2 to2| 

d. 

3 to 4 

Current (at Id. / kWh) 

^ ^ 1 

1 » li 

Tyres . 


f « 

i^tteries 

2| „ 2| 

3 „ 3| 

Repairs to chassis, etc. 

1 1 

1 

Garage and vrages (variable) 

3 „ 4 


liicence ...... 

1 

1 


a hatteiy vehicle. Including standing charges, renewals costs, 
current supply, garage, and driver’s wages (variable), the total 
cost per mile may he taken as 9d. to lid. for -J- and 1-ton vans ; 
Is. lor 2-ton wagons ; and Is. 2d. to Is. 5d. for 3- to 5-ton 
wagons. A corresponding figure for an electric taxicab is 7d, or 
8d. a mile. Arrangements can be made for both batteries and 
tyres to be kept in order under a maintenance contract (generally 
on a mileage basis) ; this is appreciated by users wishing to fix 
definitely their liability {see also § 950). Capital charges, garage, 
and wages average less per mile the greater the annual mileage of 
the vehicle, 

948. Vehicle Battery Charging;. — The remarks made in 
II 4*32, 434 concerning the care and charging of stationary lead 
accumulators are applicable to traction cells as well. The latter 
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are biiilt to ■vrithstand heavy mechanical and electrical service ; but 
it is still necessary to guard against excessive ‘ gassing ’ ; to pre- 
vent the temperature of electrolyte rising above, say, 110° F. ; and 
to guard against sulphation of plates by excessive discharge. The 
nickel cell cannot be injured by any overcharge or over-discharge 
likely to occur in practice, so long as the itemperature of the 
electrolyte does not exceed, say, 115° F. Electric vehicle batteries 
may be charged on the user’s premises or at garages or central 
stations. In either of the first two cases, private generating plant 
may be used or energy may be taken from central station mains. 
Except in large works, where use can be made of existing electrical 
equipment, it is generally cheaper to use central station supply 
(§ 950), which is also less liable to interruption by breakdown. 
Where vehicles run on definite routes or touch at definite points 
(e,g, depots, warehouses, etc.) in certain delivery areas, it is often 
convenient to install private charging plant so that a ^ boosting ’ 
charge (§ 949) can be given during meal-times or loading periods, 
without losing any time or mileage. The cost of this equipment 
may legitimately be set against that of petrol storage tanks and 
pumps needed for a fleet of petrol vehicles. If used for battery 
charging alone, the generator may he a shunt-wound machine 
capable of voltage regulation between 90 and 110 Y (for 44j-cell 
lead or 60-cell nickel batteries) ; if the generator is to be used for 
general supply as well, a compound winding (§ 138) should be used, 
the series turns being short-circuited during battery charging. To 
meet the needs of owners who prefer to be relieved of all the 
responsibility of battery charging, and to meet the needs of com- 
mercial vehicles and pleasure cars, which have no fixed route and 
so are apt to require a boosting charge when away from their 
normal charging station, there are likely to spring up a. series of 
'electric ’ garages. There is no reason why existing garages should 
not take on this work. Already a number of central stations in 
this country have laid down charging plant for their own and 
public use (§ 950), and this practice is very much more common in 
the United States. 

Most central stations in the United Kingdom give supply for 
lighting purposes at 200 to 220 Y, and for power purposes at 4f00 
to 500 Y. The total energy required by a vehicle battery per 
charge is not large (say, 15 to 55 kWh), but the charging current 
may be anything from 20 A up to 100 A or 200 A during ' boosting' 
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(§ 949) ; hence it is generally necessary to take current from 
the power mains. The maximum charging voltage required by a 
44-cell lead battery is 115 V, and by a 60-cell nickel batteiy is 
110 Y, so that, even with 200 Y supply, the use of resistance alone 
to absorb the excess voltage is very wasteM. Where only A.C. 
supply is available the use of a mercury-arc rectifier, a motor- 
generator, or a rotary converter is essential ; and the cost of a 
motor-generator is almost invariably justified where the supply is 
B.C, The motor-generator may consist of two mechanically 
coupled but electrically independent machines, the motor connected 
across the supply mains and the generator (with variable shunt- 
field) feeding the battery. Alternatively, the motor and generator 
armatures may be connected in series across the supply mains, the 
motor-field and variable generator-field being connected in parallel 
across the mains and the battery connected across the generator 
terminals. This arrangement, which is that of the ‘ Lancashire ’ 
reducer-set, gives from 4 to 12 7o higher efficiency of conversion 
as compared with an ordinary motor-generator. Where a number 
of vehicle batteries have to be charged simultaneously, a 5-wire 
balancer may be used. As long as the load is divided uniformly, 
the balancer runs light across the 440 Y mains ; and when the load is 
not divided evenly, the balancer supplies the out-of-balance current 
needed to maintain 110 Y across each section of the 5-wire circuit. 

The fact that there are no ‘ end-cells (§ 432) in a traction 
battery greatly simplifies its charging. The batter}’' voltage falls 
10 7o with lead cells, or 15 to 20 7^ with nickel cells (§ 939) during 
discharge, and every cell then needs (normally) the same treatment 
during charging. 

(1) GhargiTig at Constant Current . — the battery is to be 
charged by the so-called constant-current method ordinarily u»d 
for stationary batteries, the applied voltage must be increased from 
about 2*2 Y per lead cell (1*55 Y per nickel cell) at the beginning 
of the charge to 2*6 and 1*85 V respectively at the end of the 
charge. This adjustment of voltage involves continual attendance 
during the charging period. By the use of series resistance, 
batteries of different voltage can be charged from the same supply, 
hut the series resistance will have to he adjusted as the charge 
proceeds. A lead traction-iype cell is usually charged, under th^e 
conditions, at a current which is initially about 80 7o normal 
discharge current (5-hr. rate), which tails off to about 33 7o 
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same during the final stages o£ the charge. The normal charging 
current of a nickel cell for 7 hrs. is the same as the normal dis- 
charge current at the 5-hr. rate. 

(2) Charging at Constant Voltage. — Due to their special 
construction, traction cells are ahle to stand much heavier charg- 
ing currents (§ 949) than cells of similar capacity built for 
stationary service, so long as the temperature of the electrolyte 
does not exceed the limits already specified. The current may 
he particularly heavy during the initial stages of charging, and 
this makes possible constant-voltage charging, in which the 
battery is connected directly to a source of D.C. supply of voltage 
equivalent to 2*3 Y per cell, i.e. 100 V for a 44-cell lead battery, 
or 1*67 Y per cell, i.e. 100 Y for a 60-cell nickel battery. The 
current flowing at first is very heavy, but as the back-E.M.F. 
of the cells rises, the net forward-E.M.F. diminishes automatically, 
and the current is consequently reduced. Using this method, it is 
impossible to injure cells by carelessness or ignorance. Naturally, 
charging proceeds quite slowly when the iback-E.M.F. of, the cells 
approaches the figure on which the charging voltage is based, and 
it is impossible to give quite so full a charge as when the charging 
voltage is raised to 2*6 Y (lead) or 1*85 V (nickel) per cell. Since, 
however, the voltage of a lead cell falls to 2*2 Y and of a nickel 
cell to 1*3 Y at a very early stage in discharge, it is possible to 
utilise practically the full capacity of cells by the constant-voltage 
charging system. The constant-voltage system is the quickest 
method of charging, practically the full capacity of the cells beiog 
reached in about 5 hours. Owing to the influence of the variations 
in voltage on the charging rate, it is necessary to maintain very 
close regulation of voltage; and it is only possible to charge 
batteries of the same voltage from the same bus-bars. The current 
rush during the beginning of the charge is so heavy that, if a 
number of batteries have to be charged, they should be switched 
in one at a time, at intervals of, say, 15 minutes. 

(3) Modified Constant-Voltage System. — In this system of 
charging, a constant voltage of about 2*5 Y per lead cell, or 1*85 Y 
per nickel cell, is maintained at the bus-bars, and a fixed ballast 
resistance (with positive temperature coefficient) is placed in series 
with each battery. During the first stages of the charge, when 
the eurrmt is heavy, the IR drop m the ballast resistance reduces 
P.D. across the battery to about 2*3 Y per lead cell or 1*67 Y per 
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nickel cell. As the charge proceeds, the current drops with the 
rising counter E.M.F. ; and therefore the IR drop in the fixed 
resistance decreases, both on this account and because of its lowered 
resistance with lowered temperature, so that the P.D. across the 
battery rises until there is finally available practically the full bus- 
bar voltage on the cells. Charging is therefore 'finished’ more 
completely than by the ordinary constant-voltage system. 

949. Boosting Vehicle Batteries.— Normally the battery of 

an electric vehicle wiH he recharged during the 8 or 10 night-hours 
when it is standing idle in garage, hut the mileage per charge of a 
reasonably light battery is limited (Table 199, § 937), and is often 
insufficient for the distance which the vehicle is otherwise capable 
of travelling in the service to which it is applied. This limitation 
may he removed by keeping fully charged batteries ready for ex- 
change with exhausted batteries, but this method is impracticable 
until electric vehicles become much more common than at present. 
Under existing conditions it is simpler and' more economical to 
arrange for boosting charges, i,e. partial charges at heavy current, 
to be given to cells at the termini on bus routes, at loading points, 
or during meal times in industrial service, or at central station or 
other garages. Nickel cells can safely he charged at five times the 
normal rate for 5 or 10 minutes or at twice the normal rate for an 
hour, and certain types of lead traction cells are able to withstand 
practically the same treatment without injury. According to the 
state of discharge of the battery, a one hour’s boost will add any- 
thing up to 50 7o daily mileage possible without actual 

exchange of cells. 

950. Facilities and Tariffs for Vehicle Battery Charging. — 

The extended use of electric battery vehicles for commercial service 
and for suitable classes of pleasure service depends very largely on 
current being available quickly, at reasonable prices, and within a 
reasonable distance whenever required for battery charging. What- 
ever the locality, it is not difficult to arrange for the normal, com- 
plete charge each night, hut before electric vehicles can become 
anything like so numerous as petrol vehicles it is necessary that 
there he a network of boosting stations and/or statims where 
exhausted batteries can be exchanged for fully charged ones. The 
ultimate solution probably lies in the establishment of electric 
garages all over the country, but the first step lies with existing cen- 
tral stations. There the necessary energy is already permanently 
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available, and it only remains to install suitable pressure- 
reducing apparatus in a conveniently situated cbarging station. 
Night-charging load is one of the most favourable the central 
station could wish for, to improve its load factor (§§ 259 et seq^) • 
boosting charges are less favourable, since they demand a heavy 
current for a short time, but their effect is not at all serious where 
an industrial supply station is concerned, and the demand is entirely 
off the 'peak" of a station chiefly for lighting; most commercial 
vehicles are boosted during the dinner-hour, when other industrial 
demands are low. The Electric Vehicle Committee of the I.M.EA. 
has recommended that the tariff for electric vehicle battery charging 
should not exceed Id. per unit for off-peak supply, the minimum 
charge for current taken at any one time to he not less than 23 . 
There are already about 130 central station districts in the United 
Kingdom in which the tariff for charging vehicle batteries is from 
Id. to 2d. per kWh ; even a considerably higher tariff would not 
make the electric vehicle unduly expensive because the energy 
consumed represents (at Id. / kWh) only 5 to 10 7o of the total 
running costs (Table 204, § 947), Commercial electric vehicles are 
distinctly worth encouraging from the central station point of view, 
for each represents a potential consumer of current to the value of 
from £20 to £50 or more per annum (at Id. a unit), according to 
its size and duty. Whereas the cost of electrical energy decreases 
steadily from year to year, that of petrol will probably continue to 
rise, if only hy taxation. 

The battery is the only part of an electric vehicle needing any 
skilled attention, and it is most probable that arrangements will 
gradually he made (in large towns, if not all over the country) to 
relieve the users of these vehicles of all responsibility for charging 
and maintaining batteries, by simply giving them a fully charged 
battery in exchange for an exhausted one whenever required. This 
is only carrying the principle of battery maintenance contracts one 
step further, but it requires a considerable number of electrics to be 
in use before it becomes practicable. A certain American company, 
which has organised a service on this basis, charges so much per 
month for garage (including cleaning, lubricating, and minor adjust- 
ments), so much for battery service (including charging and mainten- 
ance), and an additional charge per mile as recorded hy a milometer 
on the vehicle. Assuming the average mileages stated, these charges 
ymrk out as follows (cf. § 947) : — 
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Useful load of vehicle 
iLverage miles per month . ^ . 

Charge per mile — garage service 
,, battery service 

,, mileage charge 


total 


i ton 

2 tons 

5 tons 

830 

750 

580 

l'15d. 

l*27d. 

2-24d. 

lU2d. 

l-87d. 

3*08d. 

l-13d. 

2-25d. 

S*25d. 

3-3d. 

5-4d. 

8*6d. 


Capital, depreciation, and insurance charges, naaintenance of tyres 
and chassis, and driver’s wages are in addition to the above, and 
have to be taken into account by the user on liis own responsibility. 

951. ladustrial Trucks and Tractors. — Self-propelling 
battery-type trucks and tractors are now used in large nambers 
and great variety, for carrying or pulling loads in and about 
industrial establishments, railway stations, wharves and other 
places. For general service, and for loads up to 2 tons, the trucks 
are usually on wheels with solid rubber tyres ; for heavier loads, 
up to 30 tons or so, similar trucks are made to run on rails. 

A special feature of the smaller trucks is their mobility aud dexibility ; a 2- ton 
truck, which can be turned on a radius of 6 to 8 ft., has a platform from 6 to 8 by 4 ft. 
and a track width of 2^ to 3^ ft., and can be used in almost any workshop. If 
desired, the truck can be arranged to run under and pick up loading-trays, which 
it can then transport to the desired place, dumping them there and going on to the 
next job ; a truck of this type is never idle for loading or unloading. A seri^ motor 
of from to h.p. is generally employed, with a controller giving two or three 
forward, and the same number of reverse, speeds, up to 6 or 8 m.p.h. ; from 12 to 
20 lead cells, or 20 to 30 nickel cells, of from 150 to 250 Ah capacity (5-hr. rate) are 
usually provided; and the dead-weight of a 2-ton truck is from 1 to 1|- tons 
according to the type and size of platform fitted. Such a truck will haul a 2-ton 
trailer on the level. A runabout crane, mounted on a battery truck, and driven 
from the same battery, is also useful. In all tracks of these types it is usual for the 
driver to stand on a low platform at one end, facing in either direction, and to steer 
with one hand while manipulating the controller with the other ; a pedal must be 
depressed to close the main switch and release the brake. 

The battery of an industrial truck can be used to operate a 
motor for any temporary power service where no regular service is 
available (e.g. Fig. 394, § 850). Conversely, a portable petrol- 
electric generating set, on a lorry, can be used to re-charge the 
batteries of trucks which are employed temporarily, where there 
are no other charging facilities. 

Batteiy-type electric tractors for use in marshalling railway trucks, or in other 
low-speed, shorfe-distanoe haulage service, consist of a storage battery and driving 
motor mounted on a truck which may have either one or two axles, with wheels 
for use either on r«.ila or on the ground or floor. The ssingle-axie feraotor has small 
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bearer wheels at each end of tbe frame to support the latter when the tractor is at 
rest ; the drive, however, is through the main wheels on the central axle, the truck 
being balanced with regard to the axle so that one man can hold the truck level 
(with its bearer wheels on the ground) and ^ide it as desired. When the tractor h 
in use, its whole weight is on the two driving wheels, which usually have solid 
rubber tyres. A tractor of this type, with a 40-cell lead battery and a 3^ h.p. motor 
weighs about l-^ tons and, exerting a pull of 550 lb., is capable of hauling 50 tons 
on level rails at m.p.h. ; the driver walks with the tractor, steering it with one 
hand and manipulating a controller wheel with the other. For use on rails, four- 
wheeled tractors are made, the driver then riding on the tractor. Such tractors 
are simple electric locomotives ; weighing from 2^ to 4 tons, they will haul from 60 
to 100 tons at m.p.h. on the level. The drive may be by a 10-h.p. motor geared 
to one axle, the two axles being chain-coupled so that the whole weight is on the 
driving wheels. If the truck be low and short, it can go on a turn-table with a 
railway wagon ; on the other hand, if it be made longer and with a flat platform 
it can be used for carrying heavy loads (§ 832). 

952. Standard Charging- Plugs and Sockets.— Wherever 
a battery is to be charged without removal from its vehicle, a plug- 
socket is provided so that conneetion can be made quickly to the 
battery by a plug and a flexible cable from the motor-generator or 
other charging apparatus (§ 948), It is obviously of the utmost 
importance that the dimensions of these plugs and sockets be 
standardised, otherwise much unnecessary expense and inconven- 
ience would he caused in charging stations. The Electric Yehicle 
Association of America has standardised 50 A and 150 A charging 
plugs and receptacles, and in this country the British Standards 
Institution has standardised, in B.S.I. Report No. *74, the leading 
dimensions for a standard concentric plug and socket to be used 
on circuits up to 250 Y, and for currents not exceeding 150 A 
continuously or 200 A for 1 hour. The shells of both plug and 
socket are to be solid-drawn mild steel or bronze tubing; and 
the main contacts of gun-metal, with lug connections for cables. 
It is further specified that a contact be provided to connect the 
shells of socket and plug, the latter being fitted with a lug for a 
7/0*064 in. earthing cable. 

953* Petrol- Electric Vehicles. — Under this heading may 
fairly be classed any vehicle in which thermal energy stored in 
petrol is converted to mechanical energy by a petrol engine, the 
mechanical energy produced being converted to electrical energy 
and hack again to mechanical energy by a dynamo and electric 
motor. The justification for this apparently needless double con- 
version lies in substituting the efficiency of electric transmission, 
the flexibility of electric control, the excellent torque, speed, and 
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overload characteristics of the electric motor, for the lower efficiency 
and marked inflexibility of mechanical transmission, and the p)oor 
traction characteristics of the petrol motor. The system is ased 
mainly for the heavier classes of vehicle, especially motor buses 
and lorries ; but the advantages are such that it may also be userl 
for private cars. It has been demonstrated that, without throttling 
the engine, a ear of this type can be made to crawl at a barely 
perceptible speed; and that the high torque enables it literally 
to creep up the steepest pitch, such as a high vertical curb-stone. 
The petrol-electric systems described below are representative. 

Tilling-St&vens System . — ^In tMs system tlie flywheel, clutch, and gear-box of 
an ordinary peferol vehicle are replaced by a dynamo, controller, and series motor, 
the latter being direct-coupled to a cardan shait driving the rear axle in the usual 
manner. The electrical circuit is not brohen whilst driving, all control being by the 
engine throttle supplemented by a forward-neutral-reverse switch and a field switch 
for use on kills. About 85 of the engine output reaches the motor, and TO to 
T5 ®/o reaches the road wheels. The dynamo is so wound and designed that its 
falls automatically when the engine would otherwise be overloaded by tbe 
current demanded. In other words, the speed of the vehicle is controlled by the 
engine throttle till the engine is fully loaded, after which the speed falls automati- 
cally without afiecting the engine. A shunt resistance is provided by which the 
generator field can be varied to permit increased engine speed on stiff gradients- The 
average engine speed is considerably lower than that of the cardan shaft. The 
details of the electrical equipment are such that neither engine, motor, nor tyres 
can he subjected to shock or excessive acceleration. No batteiy has to be carried ; 
it is claimed that the engine and dynamo which replace it yield greater power than 
a battery four times their weight, and there is, of course, no such limitation of 
mileage as that imposed by the necessity for recharging a battery vehicle. A Tilling- 
Sfeevens six- wheeled petrol- electric was put on the market in 1927, the chassis 
weighing 5 tons and costing £1 750 {Times Rev.^ 1928). 

The Thomas Transmission . — The distinctive feature of this system is that it 
gives a direct mechanical drive on top speed, and at all other speeds transmiiai 
part of the power mechanically and the rest electrically. Any desired number of 
speeds can be provided by simple additions to the single-lever controller employed. 
The only battery carried consists of a few cells for lighting purposes and to start the 
engine ; these cells are kept charged automatically. The equipment consists of a 
petrol engine driving a hollow cylindrical casing within which is a double ‘ sun- 
aad-planet" gear. The two sets of wheels in tbe latter drive concentric shafts, 
each carrying the armature of one of two similar electrical machines. The inner 
shaft is also connected to the propeller shaft of the car. The double sun-aad- 
planet gear gives a differential motion to the two shafts, the speed ratio being 
determined by their relative resistances to motion, and this again by field-oontrc^ 
of the power transmitted electrically from one machine to the other. The aimatuBes 
of the two machines are connected in seri^ ; one acts as a motor and the other as 
a dynamo, their funcMons being reversed at a certain speed. Speed control is 
obtained by an oil-immersed controller regulating the fields of the two electrical 
machines, but at full speed all power is traonsmitted mechsuiically to the propeller 
shaft. 
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Macfarlane-Burge System, — This is a modification of the all-electric system 
mentioned in § 945. A petrol engine is used, of sufficient power to supply the 
average requirements for propulsion (§ 943), and this is supplemented by a small 
battery of about one-fifth the capacity required in the all-electric system, this 
battery being again protected against excessive currents by the rotary, automatic 
‘ electric valve ’ (§ 945). The engine is coupled to the electric valve, between wbicb 
and the driving motor purely electric transmission is used. The engine takes the 
average load, and the battery supplies peak demands and absorbs energy returned 
during regenerative braking. In addition, the battery is used for lighting and to 
start the engine, and also permits of electric braking down to any speed. The 
following notes are instructive : — 

To drive a 6-ton (loaded) vehicle on the level at 12 m.p.h. requires 9 B.H.P.* 
When running at half-speed uphill, the M.-B. equipment changes the gear ratio 
automatically and permits the full 9 H.P. to be utilised, the torque being then 
twice that on the level. By the aid of the battery, the motors are enabled to 
develop an additional 9 H.P., making a total of four times the normal torque. On 
the other hand, a petrol vehicle running up the same hill at half-speed onitop gear 
would need a 36 H.P. engine (to develop 18 H.P, at half-speed). Earlier change 
of gear would permit a smaller engine to be used, but there are loss of compression 
and decreased carburettor efficiency to be taken into account, and it is a fact that 
36 to 40 H.P. water-cooled engines are actually fitted to such vehicles (§ 943). The 
M.-B. system requires only a 9 H.P. air-cooled engine and a battery capable of 
yielding 50 Ah on the 1-hr. rate. {Jour. I.EI.M., Vol. 49, 109, abridged.) 

954. Trolley Buses or Trackless-Trolley Vehicles.— The 

trolley hxis is simply a trolley-tramcar running on the ordinary 
road surface instead of on rails. It is given the general form, 
outward appearance, and rubber-tyred wheels of a petrol motor 
bus, and may he either a single- or a douhle-deck vehicle. It has 
two trolley arms (standard British practice) or else towing and 
conductor cables leading to a little truck running on the two over- 
head lines. It was formerly considered that where the vehicle ran 
over trolley tram routes it need use only one overhead line if a 
boom and skate or brush were mounted under the chassis to connect 
with the rails as return path for current. The use of the rail 
return, where available, saves the cost of a negative overhead line, 
but at the expense of a serious sacrifice of traffic flexibility, and the 
authors are unaware of any system now using skates. 

Trackless trolley vehicles are limited to public passenger service 
and to goods-transport service in conjunction therewith. They 
were originally regarded as useful for opening out districts m 
which the capital cost of a trolley tramway was unjustifiable, 

* This is the theoretic^al powex required, assuming 100 °/q efficiency and a 
tracfeve resistance of 47 lb. per ton, which is low (§ 946). The fnfl.irt points illiis- 
trated by the example are not affected by this. 
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but trackless trolley buses bave proved so satisfactory in ser\iee 
that they are being substituted for electric tramways in places 
where the existing rails are worn out — for the replacement of the 
rails is one of the moat expensive items of maintenance, and was 
always under-estimated for in early days. It has been demon- 
strated repeatedly that trolley buses are more economical than 
petrol buses as regards power and repair costs ; the higher first 
cost occasioned by the trolley wires and feeders is sometimes a 
serious consideration, but this need not be so if the feeders are 
part of the general electrical development of the district. The 
collector gear of the ordinary underhung-trolley type has been im- 
proved to such an extent that the trackless car can safely manoeuvre 
at full speed over a 30-ft. road, and at lower speed over 40 ft. 

The electrical features of the early trolley buses were closely 
similar to those of tramcars, two motors, each of 15-25 H.P., being 
used, with series-parallel control. Modern practice, however, is to 
use a single motor of 80 or even 90 H.P. (1-hr. rating) with diverter 
field control and, . in some instances, provision for regenerative 
braldng. This arrangement is simpler, and costs less initially and 
in maintenance, than two motors with series-parallel control ; and 
the design of the single motor is such that most of the required 
speed control can be effected efficiently by field variation. 

A 74-seat double-deck trolley bus put in service by tbe L»ondoii United Tramways 
in 1933 {Tram, mid Ely. Wld.^ Yol. 73, p. Ill), measure 29| ft. in overall tengtit 
and weighs under 13 tons fuUy laden. A single motor is used, rated at 80 H.P. 
(l-hr. rating), 500 Y ; gear ratio 9-33; armature r.p.m. = M.P.H. x 80*3. This is 
a series- wound machine with field-control. A foot-operated master oontroUer actuate 
the control contactors. Low-pressure tyres are used on all six wheels ; and pneumati- 
caHy-operated double sliding centre doors are interlocked with the driving circuit. 

It is possible that battery buses will he used in preference to 
trolleybuses for ‘development’ or ‘feeder’ work in future, since 
they involve no capital outlay beyond the cost of the vehicles 
themselves, and perhaps a boosting set at the inner terminus of 
each route. Another possibility, which is already being utilised, is 
that of adding a storage battery to a trackless trolley vehicle, so 
that the latter can run beyond, or digress from, the trolley-wire 
route; this is particularly useful in the case of goods-carrying 
vehicles. Alternatively, a petrol-electric engine and gmerator may 
he provided for use when the vehicle leaves the trolley wires. 
Trailers have been used on trackless buses in South Africa, and 
their use is likely to spread in the Dominions. 
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Descriptions of particular systems have appeared from time to 
time in the technical Press; and reference may be made to a paper 
by C. W. J. Taffs,* -whieh is particularly valuable in that it eonta^ 
detailed comparisons between the costs of tramways, motor omnibuses 
and trolley buses, so arranged that the author’s %ures can easily 
be modified to suit different basic conditions. 

The data in Table 205 may be useful for the purposes of general 

Table 205. — Oompa/rison between Tramways, Motor Buses, and 
Railless Trolley Vehicles. 


Tramway and 
Tramcar. 

Motor Bus. 

Trolley Bus. 

L 

1 Up to 85 

Up to 6b 

Up to 66 {74 experi- 

896 lb. 

480 Ib.f 

mental) 

484 lb.t 

420-500 lb. 

265 Ib.f 

277 lb.t 

, 

280 lb.t 

Petrol. Diesel. 

310 lb.t 

0*77 kWh 1 

0*11 gal. 0-085 gal. 

1-29 kWh 

2*74 kWh 



3-38 kWh 

1 0-34 gal. 0-17 gal. 

2-30 kWh 

2‘27 kWh 

0*2 gal. 0-11 gal. 

1-78 kWh 

l’7d. 

3d. 0-5d. 

L J 

l'33d. 

£2 000 

£1 800 S.D. "£1 700 D.D. 

£1400 S.D. £2 000d.d. 

£3 000 



— ' 

— 

£4 000 

£25 000 

— 

— 


Unladen weight per seat : 

Single-deck (s.d.) 

Double-deok (d.d.), 4- 
wheel . 

Double deck, 6-wheel 

Energy used per car-milej 

Minirnmn 

L.C.O. Tramways 

Maximum 

Average ' . 

Cost of average energy per 
ear-mile (at |d. / kWh, 
Is. 3d. / gal. petrol, 4^d./ 
gal. Diesel oil) 

Cost of vehicle (approx.) . 

Cost of overhead equip- 
ment per mile ; 

2-wire — tramway 

4-wixe — ^Tailless , 

Cc^t of double tramway 
track per mile 


estimates. Comparisons lietvreen the energy consumptions and costs 
of tramcars, motor buses and trolley buses are interesting but by 
no means decisive. Wages cost much, more than power ; debt 
charges are important ; repairs and maintenance costs are very 

•Paper on ‘BaUless Trolley Traction,’ by 0. W. J, Taffs, before Inst, of 
Anfeomobile Engineers, 1923; see EL Rev., Vol. 92, p. 193. 

t The Ministry of Transport fixes the maximum laden weight of buses : s.n., 
9 tons; n.D., 4-wheel, 10 tons (10^ tons for fcroUey bus with all low-pressure tyres); 
B.D., 6-wheeI, 12 tons (18 tons for trolley bus with all low-pressure tyres). 

t^sed on 1931-32 M.O.T. returns for England, Wales and Scotland, as 
regards trams and trolley buses. 
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different for the three classes of vehicles. For instance, the 
power cost of a tramcar is only about 15 7o of the total cost of 
operation, including capital charges ; and the useful life of a tram- 
car is *20-30 years, compared with 5 years for a motor bus. 

By the courtesy of Mr. G. Owen Silvers, General Manager and 
Engineer of the Wolverhampton Corporation Transport Department, 
the authors are able to present the data in Table 2€5 a, giving a 

Table 2Q5a. — Worlcing Costs of Tramways, Motor Bwses and 
Railless Trolley Vehicles {Wolverhampton), 


Year. 

; 'Working Costs, in Pence per Vehicle 

1 Mile. 

Working Costs, in Pence per lOO-Seat 
Mile. 

Trolley 
i Vehicles. 

) 

Motor 

Omnibuses. 

Tramways. 

Trolley 

Vehicles. 

Motor 

Omnibuses. 

Tramways. 

1925 

11*034 

11*721 

13*571 

29*82 

' 

36*62 

29-50 

1926 

11*006 

12*215 

13*646 

29*745 

38*171 

29-746 

1927 

11*457 

12*267 

13*388 

30*16 

35*02 

24*679 

1928 

10*968 

11*981 

13*027 

24*373 

33*280 

28*568 

1929 

10*877 

12-132 

14*570 

23*142 

29*590 



1930 

1 10*380 

12*299 

— 

21*183 

29*997 



1931 

! 10*335 

11*788 

— 

20*67 

29*47 

— 

1932 

1 

10*343 

11*011 

— 

20*686 

26*216 

— 


comparative statement of costs on the Wolverhampton system for 
tramways, motor omnibuses and railless trolley vehicles over a 
period of years ; the operating costs are given per vehicle mile 
and per 100-seat mile. 

With the warning ‘ there are no two undertakings sufficiently 
similar in essential conditions to render them truly comparable/ 
Mr. G. B- Tattam * gives the following operating costs of the trams, 
trolley buses and petrol buses in Bradford for the year ending 
March, 31, 1933 


Tramcars. 


Trolley 

Buses. 


Pefeol 


Average seats per vehicle . . 56*6 42*1 

Total miles run . . . . 6 230 245 2 001534 

Operating costs per 100-seat miles 24*018d. 28*943d. 


2 578 602 
29*3491, 


The average costs of electricity and peti*ol were 0 *886(1 / kWh 
and ll’88d. / gal respectively. A substantial proportion of the 
trolley buses date hack to 1926. 


Tramcars, Trolley Buses and Petrol Buses,* Municipal Tramways and 
Transport Association, 1933. Tram, and Rly, Wld,, July, 1933. 
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The comparative merits of the various systems depend con- 
siderably on the density of the traffic and consequent headway of 
the cars."^ In this connection Mr. R. H. Wilkinson has stated 
that the critical point, where the single-line tramway and the 
trackless bus are on all fours, lies near a 3-minute service ; and 
that, with a 2-minute headway, trackless traction is more economical 
than a douhle-line but more costly than a single-line tramway.f 
As the headway increases, the petrol motor bus, having no other 
standing capital charges than those on its own cost, becomes a 
more formidable competitor in the race ; and when the headway 
exceeds about 30 mins, the railless vehicle can uo longer hold 
its own. The higher and smoother acceleration which both 
electric vehicles have, in comparison with motor buses, is an 
advantage which cannot be gainsaid, especially where stops are 
frequent ; and both also have the enormous temporary overload 
capacity common to all electric motors. This is required on steep 
gradients, and is conspicuously lacking in petrol engines, which 
must be designed for the maximum effort required of them. 

The following comparisons, based on statistics published by 
the Ministry of Transport, show the rapid increase in popularity 
of trolley buses in this country : — 


Year. 

1921-22 

1931-32 


Route Miles 
Operated. 
47 
256 


V^clei Car Miles. 

80 1 374 444 9 879 730 

691 19 739 000 184 373 190 


The weight of the electric motors now used is about 12 lb. /H.P., 
and those rated at 80 H.P, are capable of developing 160 H.P. for 
short periods. Maintenance costs of trolley buses are lower than 
those of petrol buses working under similar circumstances. 

955- Bibliography. — (See explanatory note, § 58, Yol. 1.) 

BEGTICiAtEIOirS, BTC. 

Regulations aaid Bye-laws made by tbe Minister of Transport as regards 
electrical power on individual systems (§ 1052, Oh., 41). Sb&, for 
example, Statutory Buies and Orders, 1920, Nos. 671, 672. (H.M. 
Stationery Office.) See also Chapter 41 generally and, in particular, 
§ 1052. 

Tramways and light Railways and Trackless Trolley Undertakings: 
Statistical Returns. (H.M. Stationery Office.) 


* Ror am analysis of the relative merits of tramways, trolley buses and petrol 
buses, operating and maintenance data, under American conditions, see ‘ Ideal 
Transportation System for Cities of Yarious Sizes,’ by J. 0. Thirlwall, (7m. El B&o,, 
YdL 34, p. 192. 

i El, Mev,, Yol 91, p. 9. 
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Nos. 5001 et seg.j dealing v?ith ^ Automobile Matemls and Parts.* 

Books. 

Electric Vehicles, C. W. Marshall (Chapman & Hall). 

Mechanical Bead Transport, C. G, Conradi (Macdonald & Evans). 

The Electric Vehicle Handbook, H. G. Cushing (Benteil). 

Electrical Equipment of Automobiles, S. Parker Smith (Chapman & Hall). 
Hoad Transport Operation — ^Passenger, R. Stuart Pilcher (Pitman). 

The Electrical Trolley Bus, R. A. Bishop (Pitman). 

Papers PeiiIvered at Tramwats, Light RaiiiWays and Transport Associa- 
tion (T.L.R.T.A.) Congresses, aistu Muihcipae Tramways and Transport 
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or Electric Railway^ Bus and Tram Journal for the years concerned.) 

The Modem Tramcar, G. H. Fletcher. TL.R.T.A,, 1929. 

The Tramcar, Present and Future, J. L. Buxton and BE. H. Andrews. 
T.L.R.T,A., 1930. 

Notes on Substituting a Trolley Bus System for a Tramway, W. V. 

Edwards. TIj.B.T.A,, 1930. 

Tramway Regeneration, G. H. Fletcher. Af.T.T.A., 1931. 

The Effect of the Development of Housing Estates on Municipal Passengesr 
Transport, A. G. Baker. Af.T.T.A., 1932. 

Layout of a Modem Tram Depot, L. B. Hewitt. TLM.TA^, 1932. 
Experiences with Modem Tramcars, G. F. Sinclair. TZ.B.TA., 1932. 
Modem Tramcar and Trolley Bus Equipments, G, H. Fletcher. 
T.L.R.T.A-, 1932. 

Modem Methods of Tramway Track Reconstruction, E. Bond. T, L.B.TA., 

1932. 

Modem Mass Transportation Methods, VT. Vane Morland. TL.R^T.A., 
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Regeneration in Trolley Vehicles, W. H. Stevens- TL.R.TA^ 1933. 
Tramcars, Trolley Buses and Petrol Buses, C. B. Tattam. M,T.T.A.f 1933. 

MiSCEr.TJLNBOUS. 

Electric Trolley Omnibuses, 0. J. Spencer. Jour, VoL 72. 

Comparisons between Tramcars, Petrol Buses and' Trolley Buses, G. W. X 
Taffs. jEJZ. Bev.f Vol. 92, p. 193. 

Constant-potential System of Accumulator Charging. EL Rem., Vol. 102, 
p. 96. 

The Electric Vehicle (monthly). OflScial organ of the Blescferic Vehicle Com- 
mittee of Great Britain. 

T%e Tramway and Railway World, which also publishes annual analyses 
of tramway and trolley bus costs, and The Electric Railway, Bus and 
Tram Journal should he consulted for new developments. See also 
Bibliography § 934, 
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CHAPTER 3T. 


ELECTRICAL PROPULSION OF SHIPS AND THE 
DRIVING OF AUXILIARIES. 

956. Introductory. — This volume would be incomplete -without 
brief reference to modern tendencies in shipbuilding, as modified 
by the progress of electrical science ; but space does not permit of 
mors than a cursory outline of what may hereafter be of para- 
mount importance both in peace and war. 

The first application of electricity on shipboard was for 
internal lighting, where success was assured from the outset 
because it solved the problem of fumes from the combustion of 
candles and oil. Searchlights — originally for use in the Suez 
Canal — followed, together with flood-lighting for cargo work. 
Once generating plant was regularly installed the electrical driving 
of various auxiliary machines (§ 964) inevitably began to exert its 
claim, until it became almost universal ; though for a long time it 
was held inadvisable to trust electricity for certain operations 
where any failure at a critical moment would spell disaster. That 
stage is long passed. 

As the agent for actual electrical propulsion, D.C. motors 
driven by batteries were early in the field for small river craft ; 
hundreds of these were working in the nineteenth century. As m 
the case of electric road vehicles (Chap. 36), no organised endeavour 
has ever been made in this country to facilitate ‘ off-peak ’ charging 
of batteries at low rates, and this branch has not made further 
headway. 

Without attempting to give an historical outline of the develop- 
ment of electric ship propulsion* it deserves to be stated that 
twenty-five years ago Capt, Durtnallj' described an equipment 

Such an outline, from the American standpoint mainly, is given in ‘ Historical 
Keview of Electrical Applications on Shipboard,’ by H. L. Hibha*rd and W. Hether- 
ington, Jour. Amer, IJE.E., March, 1925, p. 249. 

+Haper read before the Institute of Marine Engineers, * The Generation and 
Transmission of Power for Main Marine Propulsion and Speed Eegula- 
laon,* July, 1908 {Proc., Vol. 20). 
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essentially simUar to that used in the latest electrically driven 
ships, and foretold accurately the important advantages to be 
realised from the method. Many prejudieas had to be overcome, 
ho'^ever, — an eminent authority even suggesting poasible asphyxia- 
tion of crews by copper fumes from short-circuits !— -and it was 
left to the United States Navy to make the first large-scale appli- 
cations of the system. Lloyd’s Register for 192^-28 mentions 
48 vessels, aggregating 137 000 tons displacement, electrically 
propelled; while on June 30, 1932, there were 48 vessels of 116 684 
grass tons with Diesel-electric, and 42 vessels of 388 962 gross tons 
with turbo-electric propulsion, a total of 90 vessels and 505 646 
tons. 

In an article on the same subject as this chapter,^ the economic 
conditions of the problem are discussed as regards both steamships 
and motor ships, embracing at present mechanical driving by (1) 
reciprocating engines ; (2) the same with exhaust turbines; (3) low- 
speed turbines ; (4) high-speed turbines and gearing; (5) low-speed 
Diesels ; (6) high-speed Diesels and gearing. After pointing out 
that the electrical equivalent of a geared mechanical ci-ive has no 
inherent and outstanding advantage over the latter in size, weight, 
efficiency or operation (though in this last item we do not ag 3 ree with 
him) the author of the paper goes on to pint out that the chief claim 
of electricity lies in the immense and growing modern imprtance 
of the auxiliary pwer requirements (§ 964 and throa^out this 
chapter), which are every day becoming more complex and more 
essential both in pssenger and cargo ships ; so much so that main 
electric driving can be justified by this alone when the ratio of 
auxiliary to main pwer becomes high, because of the ease and 
certainty with which exact measurements can be made : — 

The results can be translated into terms of fuel, and sho'w exactly the ocst of 
the various services performed and their individual efficiency, enabling the v?hole 
equipment to be maintained with maximum efficiency. The saving effected frcan 
being in a position instantly to locate wastage of power and fuel, and to cany out 
the necessary adjustments, may easily span the margin between profit and less. 

At the present time, the two main systems are the turbo-electric 
(§ 96D) and the Diesel-electric (§ 960) drive, each of which is applicable 
in a greater or less degree to many types of vessel, in eomptition 
with the steam-engine drive, the direct Diesel drive, and the geared 

‘ The Electric Propulsion of Ships,’ L. F. Batcliffe, El. -H«., Vol. 107 
p. 489. 
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turbine or geared Diesel drive. Eor large vessels, the turbo-electric 
drive at present has the field to itself, owing to the limitations in 
the power of even the largest Diesel engines ; whereas the latter 
are especially suitable for all kinds of small craft, where compara- 
tively small steam turbines would be at a disadvantage in point of 
efficiency (§ 189, Yol. 1). Most types of steam turbine have been 
used, notably the Parsons, Curtis, Ljungstrom, and Rateau. 

Electrical propulsion has proved consistently reliable, and there 
is every reason to anticipate its general adoption. Naturally each 
type of vessel must be considered on its merits, because size, design, 
and service vary widely; but the adaptability of the method to 
every circumstance is one of its chief claims. 

957. Advantages of Electric Propulsion, Turbo, and Diesel 
— The relative merits of the various systems, as applied to difierent 
types of vessels, are discussed in succeeding paragraphs ; but here 
the inherent advantages of electrical as against mechanical driving 
may be touched upon.* 

For fuel, the choice lies between coal and oil, and the latter 
seems to be making headway at the expense of the former. With 
coal, steam eiogines or steam turbines are the prime movers, the 
latter geared for direct drivmg ; turbines are invariably used where 
generators and motors are to take up the running. With oil, either 
steam may be generated for use in the same manner ; or the fuel 
may be used directly in Diesel engines, with great gain in thermal 
efficiency (§ 167, Yol. 1), and these may drive the ship either directly, 
or with gearing, or through generators and motors. One factor 
of importance in the matter of oil is that of price control by trusts 
and rmgs generally, which may affect the future of liquid fuel, 
especially as the British Empire embraces so little of the world's 
supply. 

The basic advantage of the electric drive is the ease, efficiency, 
and fiexibility of control of the power. The most economical high- 
speed turbine or Diesel engine can be used in conjunction with the 
most economical propeller speed, which is far lower ; and both the 
number and speed of the propellers are independent of the number 
and speed of the prime movers employed, which can be varied as 
the conditions demand. The reversal of the propellers is a slow 

* E*or a critical study of some of the disadvantages alleged, see a paper on Idie 
subject by Mr. W. J. Galdeirwood, read before the Junior Institution, of Engineeis — 
EL Bev., VoL 91, p. 633. 
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bnsiness witli a direct Diesel drive, and requires a separate special 
steam turbine where that form of direct or geared drive is used. 
A steam turbine is an ii'reversiHe machine, so the special turbine 
required for this purpose, together with its gears, revolves idly ail 
the time: and it is also necessarily of much less power than the 
main turbines — ^generally about one half. Again, the size and 
weight of the turbines is increased, and the efficiency reduced, be- 
cause full advantage cannot be taken of high-pressure, superheated 
steam, which iB suddenly applied, as it must be for reversal, would 
endanger the comparatively cool reversing turbine. With electric 
propulsion, reversal is simply a matter of changing the electrical 
connections, and the whole power of the marine central station is 
still behind the motors, so that a rapidity of reversal hitherto un- 
dreamed of becomes possible. In an emergency, such a possibility 
may save the ship. 

Electrical transmission from the prime movers to the propeller 
shaft is clearly more flexible than gearing, wMle the customary 
enormous length of the propeller shaft itself, with its containing 
tunnel, will certainly he reduced as experience is gained and the 
engineers become content with a special motor room close to the 
working point — already this has been done in some cases. The 
turbo-electric drive also completely eliminates vibration at all speeds. 

Exact power measurement is a self-evident advantage of every 
phase of electric driving, and is also far simpler than with 
mechanical driving ; and measurement is the foundation of 
economy. 

Any one of the prime movers, of whatever type, can drive all 
the propellers at reduced speed, hut with uniform division of the 
power between them ; thus, if two sets are installed, one will drive 
the ship at about three-quarter speed with practically full efficiency 
— matter of great importance for cruising speeds in war vessels. 
A ship with three generating sets, and a normal full speed of Hi 
knots, can he run on two sets at about 10 knots, or say 7o 

speed, and on one set at about 8 knots, or 70 7o Ml sp^. A 
25 000 H.P. vessel making 22 knots could run at 17f knots on half 
full power. The propulsive power varies as the cube of the speed 
approximately. Furthermore, it is possible to run into port by 
means of the auxiliary generators, if the main units are out of 
action for any reason, whereas in the like conditions a meclmnieally 
driven ship is helpless. The racing of propellers in a rough sea 
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can be prevented by the use of an automatic speed governor, to the 
advantage both of the machinery, the hull and the passengers. 

With electric propulsion, the designers are fi'ee to place the 
prime movers in the most convenient position, instead of being com- 
pelled to use a location where the propeller shaft can be of reason- 
able length, though hitherto full advantage has not been taken of 
this owing to the desire to have the motors in the engine room. 
The turho-generators can be placed close up to the boilers, so as to 
give the minimum length of steam and exhaust (condenser) piping, 
and maximum vacuum. With the turho-generators located over 
the condensers, on a flat above the boiler room, it is possible greatly 
to reduce the length of the engine room and thus to increase the 
cargo capacity. 

In the matter of weight, for small high-speed vessels such as 
destroyers, yachts, etc., the geared- turbine drive is lighter than 
electrical driving; hut on large vessels the electrical equipment 
generally weighs the same as or less than geared-turbine plant, 
allowing for the greater weight of steam and exhaust pipes, the 
oiling installation, and the longer shaft. ^ Ordinary reciprocating 
engine equipment weighs about double that for a corresponding 
electric drive. 

The ordinary method of conveying instructions to the engine 
room by ship’s telegraph, where they have to be read off and acted 
upon, takes up time which in an emergency may be of vital impor- 
tance ; with electric propulsion the whole control can be directly 
exercised from the bridge, just as from the driver’s cabin of an 
electric train, by means of a master controller (§ T41) which has 
no personal equation and which acts instantaneously. If desir- 
able, additional master controllers can be installed elsewhere, as in 
multiple unit trains (§ 871), only one being in action at any one 
time. 

With both turbo-electric and Diesel-electric drive there is the 
important consideration that substantial fuel economy is effected, 
with a resultant saving both in dead-weight to be carried and in 
cargo space occupied. Against this, the actual plant may take up 
more room and displacement than steam plant alone, and will 
be more expensive in first cost. The extra weight and space are 

* The U.S. collier Jupiter is electricaJly driven, having 7 000 H.P. of plant 
■wei^aing 156 tons ; ker sister skip Neptune has geared turbine equipment weighing 
150 tons, and. extra piping, etc., increases tkis dijSerence, 
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coiiipcnsa<t6{i for to soino oxtont, if not ontiroly, by th© siiiallor and 
lighter prime mover of higher speed, and by the shorter shaft and 
shaft tuimel ; the extra cost, it is claimed, Ls justified by the higher 
overall efficiency, higher schedule speed— especially in had weather 
—and extra cargo space in lieu of fuel. There are, again, double- 
conversion losses, but these are ofiset hy the higher efficiency of the 
high-speed prime mover and hy the use of superheated steam * as well 
as by better maintenance of the original high efficiency than with 
a mechanical drive. 

Table 206 illustrates the improvement in efficiency which may 
be obtained by the use of superheated steam : — 


Table 206. — Su^perheat arid Fuel SaviTig, 


steam. 

Approximate of Total 
Heat in Steam Available 
for Work. 

Percentage 
Saving in 
Fuel. 

Pressure, 
Lb. / sq. in. 
Abs. 

j Temperature, Fair. 

! 

Of Superlieat. j 

Total. 

7c. 

Increase %. 

200 

50 1 

432 

30*7 



200 

200 1 

588 

31*8 

0-9 

3-0 

300 

I 50 i 

467 

32-S 

1-9 

6*2 

300 

100 

517 

33*0 

2-3 

7*5 

500 

100 1 

567 

35*3 

4-6 

15-0 

500 

233 

700 

36-3 

5*6 

18*2 


Temperatures up to 6CK)°-650° P. are used in electric cargo veasels, 
but the pressure is generally 200-250 lb. per sq. in. If 500 lb. 
were used, there would be a great saving ini fuel. 

Objections have been raised, on the score of danger, to the use 
of pressures up to 1 OOO Y or more in the main propulsion circuit, 
where they are necessary for economy in cable connections ; but 
such pressures are common in industrial applications on land and 
are no more dangerous than live steam. In fact a short-circuit 
can be met instantaneously by a high-speed circuit-breaker 
(§ 372 (3), 5th ed.), whereas a broken steam connection generally 
has more serious results in the confined spaces of a ship than 
on land. 

* A claim iio liave deYelopcwi 1 H-P. for 8*5 lb. of per hr. has been inade. 

Shipbuilding and Shipping Record^ Dec. 30, 1920. 
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Mention has already been made of the rapidity of reversal 
possible with an electric drive, and it follows that there is also 
rapidity of manoeuvring. It is on record that the 3 600-ton vessel 
Owha, using synchronous motors, can stop the propeller from full 
speed in 2^ secs, and cause it to be running full speed astern in a 
further 7i secs. ; the vessel itself can be stopped from full speed 
ahead in 140 secs., as against from 4 to 10 mins, with a reciprocat- 
ing engine drive. 

Mr. W. E. Thau gives the following comparison ^ (Table 20T), 
based on a 3 000 H.P, ship making 14 single journeys per annum 
over a 4 000-mile course at 11 knots ; all items of machinery, water, 
fuel, etc., are taken into account, and the same steam conditions are 
assumed in both cases. 


Table 207. — Weight and Fuel Consumption with Various 
Systems of Ship Propulsion. 


Drive. 

Puel Consumption. 

Weight of Machinery. 

Geared turbine . 


1*0 

1-0 

Turbo-electric 

. . . 

1-06 

1'05 to 1*1 

Diesel direct 

. • 

0-^9 

1*1 to 1*25 

Diesel-electric . 

. 

0-57 

0*76 


Commander S, M. Robinson, of the XJ.S. Navy, compares f the 
Few Mexico (turbo-electric) with the sister battleship Idaho 
(geared turbine for cruising up to 17 knots and direct turbo drive 
above that speed), and also with the Mississippi (geared turbine up 
to 15 knots and direct drive above) as follows : — 

Extra fuel consumption of Idaho and Mississippi is about 
20 7, at 10 knots ; 42*7 7^ at 13 knots ; 47*8 at 16 
knots ; 32 7o f^^l power. 

It is generally believed that the U.S. Navy Department finally 
embarked on its electric battleship programme on the results of a 
comparison between three colliers : the Cyclops with triple-expansicm 
reciprocating engines ; the Neptune with geared turbines ; and the 
Jupiter with electric propulsion, using slip-ring induction motors. 
Each vessel is* of 20 000 tons displacement and 12 000 tons cargo 


* Journal Am. Yol. iO, p. 629. 

t Marine Engineering^ May, 1920. 
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capacity. The comparison is shown in Table 208, but it does not 
follow that the data neees.sarily apply to vessels of other types and 

for other services. 

Table 208 . — Comparison of Three 20 000-<on Colliers. 


Weigiifc, ppopelling equipment only, tons 
Steam consumption at maximum speed ; 

lb. per shaft H.P.-br. 

Ditto, per cent, greater than Jupiter 


Ci/dops. 

i Neptune. 

1 Jupiter. 

280 

150 

156* 

14*0 

13*4 

IM 

26 1 

20*7 1 

— 


At its most economical speed (12 knots) the Jupiter -uses 49*1 
tons of coal in 24 hours, which is B6 % better than any other 
ship afloat up to that date (1919). In smaller vessels the weight 
comparison is somewhat less favourable to electric propulsion, but 
there are many indirect savings. 

958. DX. and AC. for Ship Propulsion. — Both B.C. and 
A.C. are used, and are likely to continue in use, for marine pro- 
pulsion, where questions of standardisation of plant, voltage and 
frequency are less important than on land. Generally speaking, 
D.C. is at present used chiefly with Diesel engines and on the 
smaller classes of vessel, and A.C. exclusively with steam turbines 
and on large ships. For D.C. the propulsion motors are usually 
shunt-wound, with constant excitation. Ward-Leonard control is 
often used where there are two or more shaft motors. 

In the case of A.C., American practice favours 2-pole turbo- 
generators running at 3 000 r.p.m. normal speed, giving 50 cycles, 
with 60-pole induction or synchronous motors (synchronous speed 
100 r.p.m.). Thus the normal speed reduction is 30 to 1, to give 
a propeller speed of 100 r.p.m., which is about the most efficient 
for merchant vessels. Provision is made to vary the turbine 
speed, and therefore the propeller speed, between 20 and 1 10 7o 
the normal. For a turbine drive, A.G. generators have a definite 
advantage (§ 145); while for a Diesel drive, with its considerable 
cyclic variation in speed, the D.C. dynamo is particularly suitable 
and an alternator tes so. 


* Oapt. Durtnall, in a paper read before tbe Institutaon oi Marine Engineers 
in 1911, esfiimates that by the use of squirrel-cage induciaon motors, eKrmnatmg 
two wa^r-oooled resistance of 5^ tons each, this figure could be reduced to 
145 tons. 
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Mr. H. M. Hobart, however, has suggested * the use of A.C at 
very low frequencies with Diesel-engine drives : 

If the Diesel-engine’s speed is 210 r.p.m., a 4-pole generator 
wiU have a periodicity of only 7 cycles per see. Induction motors 
for this low periodicity and for customary propeller speeds have very 
attractive characteristics. If the propeller speed is 70 r.p.m., the 
motor will have 12 poles. Eor medium powers (say 500 to 
1 000 H.P.) such a motor wiU have convenient dimensions and be 
of low cost. Its power factor wiU he of the order of 0-95 at rated 
load, and about O'SO at f-load. For a 60-cycle, 70-r.p.m. motor the 
power factor would be about O’S at full load and O' 5 at J-load. The 
fuU-load efficiency of the 7-cyele motor wUl be 1 or 2 % higher than 
that of a 60-eycle motor for this speed and output, and Wl be about 
5 7o ffigber at J- to ^-load. The staffing load of the 7-cycle, 70- 
r.p.m. motor wiU be very high indeed, and consequently it can be 
rated up to its heating limit. With the application of modern 
insulating materials and processes, and modern knowledge of 
methods of forced cooling, such a motor wDl be light and compact, 
and of low cost. These considerations also apply to low-periodicity 
synchronous motors. 

While this low-periodicity proposition is espeeiaUy applicable to 
the Diesel-engine drive, it should also receive careful fiva.rm'Tifl.fa-nTi 
for the case of the steam-turbine drive — at any rate for medium 
powers. In this ease mechanical speed reduction gearing would he 
interposed between the turbine and the generator. The turbine 
might, for example, run at 4 000 r.p.m. and drive a bipolar 
generator at 500 r.p.m. The periodicity would then be 8'3 cycles 
per sec. For a propeUer speed of 125 r.p.m., the motor would be 
built with 8 poles, and would have the attractive features already 
described. This is a very different proposition from that which has 
already been employed on several electrically-propelled ships of 
interposing gearing between the propeUer and a high-speed motor. 
In the latter case the low-speed wheel runs at the speed of the 
propeller (125 r.p.m.), as against 500 r.p.m. in the method sug- 
gested. The cost of a mechanical speed-reducing gearing depends 
upon the speed of its lowest speed member, and becomes more ex- 
pensive the lower the speed of this member. Also in the latter case 
the direction of rotation of the gearing is reversed when reversLng 


* El. Bev., Vol. 91, p. 746. 
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the ship, and its speed changes when changing the speed of the ship. 
In the former case the gearing always runs at constant speed in one 
direction. 

If gearing is required, it will be cheaper and will endure better 
if it is placed between the turbine and the generator instead of 
between the motor and the propeller. 

A.G. motors for this work may be either squirrel-cage or 
phase-wound induction motors or synchronous motors. The 
squirrel-cage type (§ 682) is the simplest, unless a double-wound 
rotor is used, giving high resistance at starting, but the starting 
and reversing characteristics are inferior to those of the phase- 
wound rotor. The powder factor of both types is about 70 on 
full load, under the conditions of design imposed by marine work ; 
but while phase-advancers could be used, it is doubtful if they are 
justifiable. A synchronous motor can have an air-gap of about 
J in. without sacrificing other desirable characteristics, and its 
power factor can be unity or leading, saving both cost and weight 
in the generators and cables. Mr. H. M. Hobart (Joe. cit) points 
out that this property is likely to he made more use of when it is 
realised that with a leading current part of the generator excita- 
tion will be obtained from the stator windings, thus decreasing the 
burden placed on the rotor of the generator. 

American practice is to use a pressure of 1150 or 2 300 V for 
3-phase turbo-alternators, with low-pressure excitation (125 Y). 
Exciters are usually separately driven by engine or turbine for 
supplying the main generator field, the control circuits, and the 
fans for ventilating the main motors ; they are generally in dupli- 
cate, or at least a spare set is provided.* Often other auxiliaries 
are also driven from them (§ 964). 

Wonnd-rotor induction motors are favoured for battleships, 
the arrangements being such that travelling is possible at either 
cruising or full speed on the normal frequency of generation, erne 
alternator being used for cruising and two for full speed, with 
nearly the same high eflficiency in both eases. The turbine speed 
can, however, be altered to vary the frequency of the motor supply, 
while the alternator field can be adjusted to give variable voltage 
to the motors. Alternators for this service are very similar to 
standard land machines, except for the above difference in working 


VOI/. III. 


* Qm. M, Bev„ Feb., 1921,p. 139. 
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witli variable frequency and/or voltage. Special importance is 
naturally attached to perfect reliability. Electric thermometers 
are used for the continuous indication of stator and rotor temper- 
atures ; heating coils in the end-coils prevent condensation -when 
the machine is standing idle ; a steam pipe within the end-shield 
provides steam to extinguish fire, should it occur, the outlet 
damper in the ventilating duct being then closed. 

The cascade arrangement of polyphase motors (§ 72T), unless 
coupled with a pole-changing device (§ 7 25), gives only full speed 
and half speed, and also lowers both the power factor and the 
efficiency: the latter (according to L' Industrie Eleetrique) by 
5 7o ’^bere the efficiency of each motor is 94 by 2 where 

it is 96 °/g. Both the wide speed ratio and the need for rigid 
connection of the motors are disadvantages on board ship. 
Variations of the system,, however, are stated ^ to have been 
devised to adapt it to marine propulsion. • 

Except in very large vessels, a single turbo-alternator is 
generally sufficient, and it can serve a single shaft motor' or two 
such in parallel as required. If two turbines are required, each 
generator can serve its one or pair of motors independently when 
full power is required, while one generator can serve all the motors 
at reduced speed and power. Thus there is no need to parallel the 
alternators, which would offer some difficulty under marine condi- 
tions, especially where speed control is effected by changing the speed 
of the turbines. Consequently, each equipment can be designed as 
a whole, turbo-generator and motor comprising a complete unit. 

959. Control Instruments and Cables. — An electrically 
propelled ship is a combination of a floating power station, a 
workshop, a store and a multiple-unit controlled train rolled into 
one, hut a short paragraph must suffice for the above heads. 

Control , — ^With D.C. supply, ^the operations of starting, stop- 
ping, reversal and speed control are much the same as in land 
applications to vehicles or reversible machinery. With 3-phase 
induction motors, these operations are respectively effected by 
closing or opening the circuit and by reversing all connections 
between generator and motor. Speed can be varied from J up to 
full speed by varying the turbine speed. Water-cooled resistances 
are used in the motor circuit for starting and reversing. Jn order 


* Miles Walker in the Ehctrician, April 13, 1923. 
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to secure stable and eflScient operation and fine speed control at 
any desired frequency, the voltage of the alternator can also be 
varied by a field regulator. 

Instruments, — -Revolution, indicators of the magneto type are 
used on both turbine and propeller ; in the main circuit' are am- 
meters, voltmeters and wattmeters, together with an ammeter in 
the generator field and one also in the motor field, if synchronous 
motors are used. In addition, as already mentioned, electrical tem- 
perature indicators are used for the generators, exciters and motors. 

Gahles . — In American ships, lead-covered, iron-armoured cables, 
with varnished cambric insulation, are used for low-tension D.C. 
circuits ; these are not run in conduit, but overhead, well supported 
and accessible for inspection and painting. A hot, damp, salt-laden 
atmosphere is a severe test of quality. Rigid clamping is in all 
cases necessary to prevent abrasion due to vibration. For main 
cables between generator and driving motor, practice varies accord- 
ing to whether there is any risk of flooding. Where the motors 
are in the engine room, and therefore safe from water, varnished 
cambric insulation is used, with an earthed copper tape wound 
outside as a mechanical protection and a safeguard against shock. 
Braid and twine are added outside the copper tape as a further 
protection against corrosion of, or damage to, the sheath, and fire- 
proof paint is served on this. If fiooding is possible, a rubber 
sheath is added between the cambric and the copper sheath. In all 
cases single-core cables are preferable to multicore. 

960. Turbo-Electric and Diesel- Electric Driving. — The 
relative spheres of the two chief methods of generating power for 
electric propulsion may now be briefly considered. 

The Turho-ELectric Drive . — The high-speed steam turbine is 
the most efficient steam-driven prime mover (§ 167), hut in marine 
work it ordinarily suffers from the disadvantage of having to drive 
a slowly revolving propeller. Attempts to slow down the cme 
component and to accelerate the other, so as to render a direct 
drive feasible, have not met with success, so that either mechameal 
gearing or electricity must be used as a go-between. In reasoimbly 
large units the superiority of the high-speed steam turbine in point 
of efficiency, lightness and small space taken up, compared with the 
low-speed turbine or reciprocating engine, is such that it is worth 
while to use it in conjunction with one of the above means of 
reducing the speed before reaching the propeller. It might appear 
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that gearing would he preferable to the inevitable complication of 
generators, cables, switchgear and motors , but, in the first place, 
high-powered gearing is costly and has not proved an unqualified 
success, while it does nothing to simplify the problem of reversing; 
and, secondly, electric propulsion is almost if not quite as efficient 
as new gearing in first-class condition, and is far easier to maintain 
in its original condition. Furthermore, it provides for easy, 
efficient and flexible control, including reversal. Taking the 
efficiency of both generator and motor as 96 7„ the overall 
efficiency including cable losses should he over 92 7o> i* has, 
in fact, reached 94. 7„ in large American vessels; with double- 
reduction gearing, when new, the efficiency is ahout 92 or 93 /^, 
which may drop heavily as wear and tear proceed. All mechanical 
gears are subject to abnormal tooth pressure where the reduction is 
large ; there are mechanical and thermal changes in meshing ; and 
torsional distortion creates unequal stresses. Admittedly the 
single-geared turbine, for speed reduction up to 20 to 1, is both 
reliable and highly efficient, a gear efficiency up to 98 7„ being 
claimed for it when new. Double-reduction gearing, for a 50 or 
60 to 1 reduction has an efficiency when new up to about 95 7oi 

but has given trouble by vibration, noise and rapid wear. ^ Electrical 

machinery can be maintained for many years at its original high 
efficiency, as well on sea as on land. 

Mr. W. J. Belsey compares * the guaranteed steam consumption 
per S.H.P. of a geared turbine and a turbo-electric drive of the 
same power. With the latter, and with one turbine driving two 
motors (10 200 H.P.) the consumption given is 10-9 lb. as apinst 
12'25 lb. for the geared turbine, or a difiference of 11 7o hi favour 
of electricity. At full power the consumption was 10-5 lb. for 
electricity against 11-2 lb. for the geared drive, or a difference of 
6^ 7 Tn summing up, he points out that a more efficient turbine 
can be designed for electric driving than for geared driving because 
of increased efficiency due to — 

(1) The use of the higher spaed turbine ; _ , ^ 

(2) The elhnmation of the reverse turbine losses, whioh are absent with an 

electric drive; 

(3) The elimination of all oioss-over connections between the turbines, as tie 

electric turbine is built with one casing ; 

(4) The lesser number of packing glands and sealed cella ___ 

* ‘ Electric Transmission of Power for Propelling Ships.’ Proc. Rugby Rngm- 
Soc,, April, 1928. 
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Mr. Belsey also states (Zoc. cit,) that the overall efficiency from the 
Diesel engine coupling to the propeller shaft coupling, including 
excitation losses, varies from 88 % ^th 2 500 S.H.P. to 82^7 with 
875 S.H.P. 

Diesel-Electric Drive , — As already stated, D.C. is preferable 
to A.C. where Diesel engines are used, and the generators may 
conveniently be coupled in series — ^for it is usual to have at least 
two sets, and often four or six. At present these sets are only 
suitable for comparatively small powers, and therefore for the 
lighter types of vessel ; but in course of time larger units will no 
doubt be evolved. 

The Diesel engine (§§ 179, 180) is easily the most efficient prime 
mover available for ship propulsion ; and it remains so when elec- 
tricity is employed as a medium, as the double transformation Ls 
equally necessary with turbines. And whereas the reversing -of 
the ship, with a direct Diesel drive, involves the use of compressed 
air for reversing the engine itself, the controller alone effects this 
far more rapidly with Diesel-electric propulsion. The inherent 
slow speed of the Diesel engine is a disadvantage for driving 
generators, making very heavy dynamos necessary, but this can be 
met by the use of gearing, with a net gain. Any required number 
of sets can be installed ; thus four 220-V D.C. Diesel generators in 
series can be used to supply two 440-y motors, likewise in seri^ on 
tbe shaft. Four or six comparatively small sets have the advantage 
over one or two large ones in the matter of cooling ; for while the 
available cooling surface varies as the diam.- of the cylinder, the 
amount of heat developed varies with the volume, or the diam.®. 

In small and medium-sized vessels the total cost of high-speed 
(300-350 r.p.m.) Diesel engines and electric propulsion equipment 
is as low as that of low-speed (1O0-12Q r.p.m.) direct-coupled 
engiaes, so that all the advantages of electric proptdsion are clear 
gain. In larger vessels, the use of electricity makes it possible to 
use more oil engines than would he practicable with direct coupling, 
thus getting full advantage of internal combustion engine in the 
higher powers, the output of individual engines at thdlr most 
efficient loading being added in the electrical driving circuits. 
Frequently twin screws are used in plain Di^el ships of a size that 
does not really require them, because the economic speed of a ain^e 
propeller is lower than that of the engine, a difficulty entirely 
overcome by electric propulsion. Again, the engine and generator 

709 



§ g6o ELECTRICAL ENGINEERING PRACTICE 

sets ean be placed wherever the designer chooses to put them — -even 
on different decks if it were for any peculiar reason desirable. 
There is complete freedom of choice as regards the size and speed 
of the sets, and each engine runs at constant — and the most 
economical — speed and in one direction only. It is true that on 
small vessels (up to 3 000 H.P.) the conversion losses amount to 
10 or 12 7o between the engine and propeller shafts, but on the 
other hand, all the advantages enumerated in paragraph 957 are 
obtained. 

E. D. Dickinson gives the following comparison ^ (Table 209) 
between the average for six Diesel engines (of four different makes) 
for electric driving and five other engines (also of four makes) for 
direct propulsion: — 

T4lBLB 209 , — Relative Diesel Weights for Direct and Electric 

Drive. 



Diesel Engines. 

Weights, Lb. 

Drive. ’ 

j 

Number and 
H.P. each. 

r.p.m. 

Weight per 
S.H.P., Lb. 

Engine only. 

Engine and 
Electrical 
Gear. 

Electric 

Direct 

3 X 1 090 

2 X 1 655 

238 

105^ 

152 

380 ^ 

496 000 

1 180 000 

821 000 
1180 000 


This table shows a saving of 30 % weight in favour of 
electricity ; and there would be a further saving due to the use of 
only one shaft and propeller. 

Separate generator excitation, either from auxiliary sets or 
from direct-coupled exciters on the main sets, is usually adopted, 
in order to give the largest possible range of speed control, the 
motor shunt excitation being constant and often obtained from the 
separate exciters also. With series coupling of the main armatures 
it is not necessary that their speeds shall be identical, as it would 
be in parallel running. The main sets are available in port for 
any other work requiring power (§ 964) thus saving the cost of 
the usual auxiliary sets. 

In a paper read before the American Society of Naval Architects 
in 1926,f Mr. W. E. Thau deals exhaustively with the advantages 


*Gm. El. Bev., Dec., 1921, p. 996. 

+ Shipbuilding and Shipping Record, February 3, 1927. 
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of Diesel-electric^ propulsion on tug boats, lake cargo veasels, 
tankers, yachts, fireboats, ferrs- boats and paasenger ships, for all 
of which the requirements vary greatly (see | 964). He* adds a 
table of 59 vessels of from 60 up to 2 600 H.P. equipped with this 
drive up to 1927.^ 

Warships generally (§ 961) require more power than can at 
present be arranged for with Diesel engines ; but the submarine is 
an exception. The present high development of the Diesel engine 
is largely due to the activities of German submarines during the 
war ' and D.C. is invariably used in these vessels because secondary 
batteries are used for driving the motors during submergence. 

961. Examples of Turbo-Electric Warships.— The Dit^l 
engine is unsuitable for all but the smallest auxiliary types of war 
vessel ;f but there is no such limitation in the case of turbo- 
electric driving, which is fast coming into use in the United States 
Navy. Of the advantages already enumerated and discussed in 
paragraph 957, that which especially applies to ships of war is the 
capacity for maintaining either full speed or cruising speed with 
equal economy in fuel consumption. A merchant vessel is usually 
only required to travel dead-slow in and around a port, and very 
seldom at half or three-quarter speed (though she may require 
forcing to make up lost time), whereas the normal cruising speed 
and horse-power required by a battleship or cruiser are far below 
what must be possible at short notice on active service. 

Mr. W. L. R. Emmet has pointed out :j; that on fair aasuniptions 
an electrically propelled cruiser, running at a cruising speed of 19 
knots, will use 0’85 lb. of oil fuel per S.H.P.-hr., whereas a geare<l 
ship in other respects similar would require 1*27 Ih. 

Sneh. an electric ship could min at 19 knots from England to the Falkland 
Islands, and, sisarting with 2 300 tons of oil fuel, would have 200 tons left on 
arrival. A similar geared ship, hlled to equal displacement by carrying 2 8S5 tons 
of oil (i.e. adding the difference in the weight of the two equipments) couH not 
reach, at this speed within 700 miles of the distance. 

Progress in this new development has been phenomenally rapid, 
and coincident with the immense increase of the American Navy^ 


*The list of course includes many boats which would not appear in Lloyds 
Register, as quoted early in this chapter (§ 956). 

+ Aii exception is found in the huge floating dock for Singapore — sm ML 
Bet?., Vol. 102 (1928), p. 765. 

Paper re^ during the 64:th session of the Institnrion of Naval ArchilecfB, 
March, 1923, entitled * Electric Ship Propailsion.’ 
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It is only possible here to give bare details of a few characteristic 
vessels to illustrate the evolution of the new departure. 

The U.S. battleship New Mexico (32 000 tons) uses oil fuel for 
the boilers. She generates 37 OOO H.P. and is propelled by four 
24 or 36-pole induction motors of 7 000 H.P. each,^ giving a 
cruising speed of 19 knots and full speed of 22 knots. The follow- 
ing comparison (Table 210) between this ship and others of the same 
class is instructive: — 


Table 210. — Steam Consumption in Battleships. 


Vessel. 

Propulsion. 

Propeller 

Speed, 

r.p.m. 

Steam per Effective H.P.-hr. (allowing 
for Difference in Propeller Efficiency). 

12 kn. 

19 kn. 

21 kn. 

Florida 

Turbine 

328 

31*8 

24-0 

23*0 

Utah 

Reciprocating 

323 

28*7 

20*3 

21*0 

Delaware 

122 

22*0 

18-7 

21*0 

New Mexico 

Turbo-electric 

175 

17-3 

16-0 

16*4 


So long ago as 1920 the following comparison (Table 211) was 
madef between the ships of the Tennessee-New Mexico type and 
projected new vessels : — 


Table 211. — Comparison of American Warships. 


Length overall, feet 
Beam, feet . 
draught, feet 
Emplacement, tons 
Sp^, Lnots 
Grims in main batteiy 
Size of guns, inches 
Shaft horse-power 



Tennessee. 

New 

Battleships. 


624 

684 


97 

105 


31 

33 


33 000 

33 200 


, 21 

23 


I 12 

12 


14 

16 


30 000 

60 000 


jNew Battle- 
Cruisers 
{Lexington 
and 


874 
90 
31 
43 500 
35 
8 
16 

180 000 ■ 


The U.S. battleship Maryland (33 000 tons) | has two Curtis 
turbo-generators each developing 28 000 H.P. at 2 030 r.p.m., 


* Full description in Shipbuilding and Shipping Record, April 10, 1919, 
p. 434. 

t ‘ Electric Propelling Machinery of the Future Navy.’ EL Bev,, Vol, 87, 
p. 486. 

t Shipbuilding and Shipping Record, April 11, 1921, p. 171. 
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which, drive four induction motors each of 1 000 H.P. at 170 r.p.m. 
for a speed of 21 knots. With one generator, a speed of 17 knots 
is attained. 

The U.S. battlesliip Washington, a sister ship of the Tennessee 
(see Table 211), developed 80 900 H.P. on trial, four 8 300 H.P. 
motors being used for propulsion. She was brought to r«st from 
full speed (21 knots) in 3 mins, and then driven astern at 15 
knots. 

The U.S. battleship Colorado has two 15 000 kVA turbo- 
generators driving four 8 375 H.P., 185 r.p.m., two-speed induction 
motors with separate 24* and 36-pole stator windings,* each rotor 
having a 3-phase, 2-parallel, star winding with balancer connections 
operating on the 24-poie winding, but short-circuited on 86 poles ; 
thus making the rotor squirrel-cage. Excitation and auxiliari«^ 
are provided for by three 300 kW geared turbo-dynamos, 240 / 120 
V, D.C. Control of both generators and motors is effected from a 
central control room. The main current is handled by manually- 
operated ciremt-breakers, interlocked in such a manner that the 
field circuit must he broken, and the steam control reduced, before 
a circuit is opened. Forced ventilation is used for both generators 
and motors, and recording thermo-couples show the temperature of 
the windings. Reversing and manoeuvring are done with the 24- 
pole connections, the motor being regulated by liquid rheostats. 

Four of the early U.S. vessels^ — Indiana, Montaim, South 
Dakota and North Carolina — ^were equipped with two Westing- 
house 28 000 kYA impulse-reaction type turbines, using steam at 
265 ih. and 50° F. superheat, conpled to 3-phase, 60-cycle, 5 000 V 
alternators ; the four propelling motors being of 15 000 H.P. each. 

Before the Washington Conference on naval disarmament, the 
U.S.A. had begun work on six electrically driven battle-cruisers 
(Jbexington and Saratoga class) of no less than 180 OOO H.P each 
(see Table 211), a power exceeded by hut few central stations in 
the world.'!" The design includes four Westinghouse turbines of 
49 750 H.P. each, coupled to 40 000 kVA, 3-phaae, 51*3 c^cie, 
5 400 Y generators, driving eight wound-rotor motors — two per 
propeller — of 22 500 H.P. each. By way of comparison, the 
British battle-cruiser Hood, which is driven by geared turbine, 
has a total of 140 000 H.P. 

* World Power, April, 1924, p. 199. 
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Other Navies than the American have not at present gone far 
in electric propulsion, preferring to ‘ wait and see ’ how these latest 
Brohdingnags of the sea work out in practice. The British Navy 
however, has htted the minelayer Adventure with an installation 
of two 2 100 H.P. Diesel-electric A.C. sets, with a motor for each 
of the twin screws ; a small beginning, truly. 

962. Electric Propulsion of Cargo Vessels. — So far as 
this country is concerned, the cargo vessel is pre-eminent, the 
whole naval position of Great Britain having arisen out of the 
carrying trade, to protect which our once unchallenged Navy grew 
up. With large displacement, and low speed and horse-power, 
the experimental work on electric propulsion would naturally fall 
to this class of vessel, though the IJnited States, being in a hurry 
to put us in the second place while we are still hard up, has gone 
straight to ships of war. 

At a joint meeting of the American Institutes of Electrical and 
Mechanical Engineers, in 1921, Mr. Eskil Berg, comparing various 
drives, concludes that : — 

In cargo vessels up to about 1 500 H.P., geared turbines are both lighter and 
cheaper than electrical methods of propulsion, and the problem of making and 
maintaining the gears is relatively simple. For low speed, single-screw cargo vessels 
of about 2 500 txD 3 000 H.P. the geared drive is rather lighter and the transmission 
efficiency of gears higher than that of electric propulsion. Allowing for losses in 
reversing turbines, power for oil circulation, packing losses, etc., the overall efficiency 
of the electrical drive is eq[ual to or better than that of gearing. If the motors are 
placed aft, saving largely on the propeller shaft, the electrical equipment is lighter and 
cheaper than the geared drive. With twin-screw ships of about 6 000 H.P., the 
electrical drive is distinctly cheaper, lighter and more efficient if one turbo-generator 
is used to drive the two propellers ; if two are used, the comparison becomes as in the 
case of 3 000 H.P. single-screw vessels. 

The fruit trade is one of the most important lines of cargo 
work from our standpoint, as the auxiliary power required is very 
large ; so a vessel of this type will be described as typical. 

The first Diesel-electric ship built in Great Britain was the 
3 390 H.P . 14-knot cargo ship La Play a, ^ one of four similar 
vessels constructed by Messrs. Gammell, Laird & Co,, in conjunction 
with, the British Thomson-Houston Co. for the fruit trade. She h 
essentially a refrigerating vessel for the transport of bananas, so 
that the plant as usual fulfils the double function of propulsion 
and auxiliaries ; but in this case the refrigerating plant is the key 


*El. Bev., Vol. 93, p. 621. 
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to the situation. Four 825 H.P. Cammell, Laird-Fiil]agar(I>ie.Ht 3 l) 
engines, running at 250 r.p.m,, are directly coupled to two 
generators each, mz. a 500 kW, 10-pole, differential eompomni, 
commutating-pole main generator, supplying at 220 X for pro- 
pulsion, and an auKiliary 220 kW shunt generator in tandem with 
the other, for working the refrigerators and the auxiliaries, and 
for exciting the propelling generators and motors. The main 
generators are in series, so that 220, 440, 660, or 880 V can lie oh- 
tamed at will ; consequently the fuel consumption per S.H.P. varies 
but little. The main twin propelling motor is rated at 2 500 H.P. 
total at 95 r.p.m. and 880 Y, and is placed aft, not in the engine 
room. Control is effected entirely by means of the field circuit. 

The fields of both generators and motors are excited from the 
auxiliary generator, the former by potentiometer system for start- 
ing, stopping, and reversing. Full power reversal takes only 8 secs, 
with the motor-operated field regulator, and 30 secs, using the 
stand-by manual gear. Acceleration and deceleration are con- 
trolled by an overload current relay ; the control lever switches in 
and out a servo-motor, which sets the potentiometer field r(^lator 
to the corresponding position ; and this motor stops temporarily if 
overloaded beyond the setting current of the relay. With one 
engine working, the propeller speed is 63 r.p.m.; with two, 
76 r.p.m; with three, 88 r.p.m.; and with all four, 95 r.p.m. 
With only one motor in use, three-quarter speed is obtained. The 
propulsion generators can, if necessary, be changed, over to auxiliaiy" 
work when not otherwise required. The fuel consumption per 
S.H.P. is the same at quarter, half, three-quarter or full load, so 
long as each engine in use is fully loaded. In case of a rapid 
reversal, the propeller drives its motors as generators, and re- 
generative braking (§ 900) is obtained by driving the enginess 
through the generator, as in the case of railways. If the engine 
speed rises so far that the fuel supply is completely cut ofi, th® 
the motor which sets the reversing rheostat is temporarily stopped. 
The centre point of the propeller motors, where the two armatures 
connect up in series, is earthed through a current-limiting resist- 
ance and a circuit-breaker, whieh latter is shunted through an 
alarm bell. The earth connection is opened once on each watch, to 
test the heU and to measure the leakage current, during winch 
interval it would be possible to receive a shock at 889 V by touch- 
ing live metal in the circuit. 
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The increased bin capacity of this boat, as compared with, a 
similar one with reciprocating engines, is 26*3 7o» as com- 
pared with one having a turho-electric drive, 29 

Among the earlier British cargo vessels with electric pro- 
pulsion, the Wulsty Gastle (6 000 tons) has two Ljungstrom 
turbo-alternators of 625 kW each — two alternators being used on 
each shaft — ^working at 60 cycles, 650 V and 3 600 r.p.m. The 
two enclosed slip-ring motors of 750 H.P. each, at 714 r.p.m., are 
geared to the propellers, which run at 76 r.p.m. Synchronising 
gear is provided, and each motor can be run from either generator 
singly or in parallel. Reversal is carried out by reversing two 
phases when the rotor circuit is broken. 

The Atlantic oil-tanker Brunswick of 17 680 tons, is a Diesel- 
electric vessel with four 600 kW D.C. sets, which are worked in 
series, giving 1 000, 750, 500 or 250 V as required for the speed. 
The propelling motor is of 2 800 B.H.P., with two armatures in 
series on one shaft, control being eifected by variation of the main 
voltage and excitation. When stopping in order to reverse, the 
rotation of the propeller by the water is used regeneratively to 
drive the engines, thus enabling quick reversal to be carried out ; 
the friction load of a Diesel set being some 33 7^ of its normal 
output implies considerable economy. AH the auxiliaries are 
electrically operated, to the extent of 550 B.H.P. 

963. Examples of Electrically-Propelled Passenger Ships. 
— While the advantages of electric propulsion are more pronounced 
in ships of war aiid cargo vessels than in liners, they are neverthe- 
less considerable in the latter class. Without recapitulating what 
appears in paragraph 957 of this chapter, it may be said that the 
adaptability of the plant location to suit the passenger and cargo 
accommodation is among the more important benefits obtained ; 
and this accommodation is very sensibly increased at the same 
time. As regards reliability, which is of prime importance, the 
majority of breakdowns which can occur to electrical machinery 
are easily repaired, while, in the event of a major breakdown, 
such changes can be made in the connections, as to enable a large 
fraction of the total power to he used. While regular travel at 
comparatively low ‘ cruising speed ’ is mainly confined to warships, 
many passenger boats are operated on difierent schedules in 
different months, and all require great flexibility in speed when 
arriving at or leaving port, together with the capacity to make up 
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time lost o'wing to head winds or stress of weather. Electrical 
dri^g has an undoubted advantage over direct driving for such 
manceuvring and reduced-speed work. 

The earliest electric passenger vessel was a salved American 
wreck, the of about 3 600 tons and carrying 260 first-class 

passengers.* The prime motive power is a single 8-stage impulse 
turbine of 3 350 H.P. at 3 000 r.p.m., driving a 3-phase, 50 cycle, 

1 100 V, 2 350 kW alternator. A synchronous motor (starting as 
an induction motor, without the D.C. field) drives the propeller at 
100 r.p.m., and D.C. generating sets are installed for excitation 
and auxiliaries. 

In reversing, fshe motor is automatically connected to function as a generator, 
returning power to the turbo-generator, thus acting as an electric brake and bringing 
the propeller to rest. It then operates as an induction motor to start the propeller 
in the reverse direction and, finally, as a synchronous motor driving the ship full 
speed astern. It is a noteworthy fact that on the official trials the main motor was 
brought from full speed ahead to a dead stop in 2^ secs., and to full speed astern in 
secs., while the vessel itself was brought from full speed ahead to a dead stop in 
140 secs. 

On the French merchant ships employing electric propulsion, 
the Gvjaruja and I'panemct (7 880 tons), two Ljnngstrom turbines 
are installed, driving 3-phase, 1 200 V, 50-cjcle, 1 000 kW alter- 
nators. As these boats are used partly as passenger and partly as 
cargo vessels, two different motors are installed; one of 1 200 H.P. 
with 48 poles for a cargo speed of 10 knots at 123 r.p.m. and one of 

2 800 H.P. with 36 poles for passenger service, at 13 knots and 163 
r.p.m. — one or both turbines being used with the smaller or larger 
motor respectively. The entire control is carried out in the engine 
room, though the motors are not in it, but right aft.f The oil-fuel 
consumption on trial, at cargo speed, was 1’05 Ih. per S.H.P. 

The 19-knot turbo-electric liner California, of the Inter- 
national Mercantile Marine, is a more recent example of this form 
of drive, and is one of several vessels of the same build. She is 
601 ft. long, with a draught of 32 ft. and a gross tonnage of 21 000. 
The twin screws are driven by 5 253 kW, 3-phase, synchronous 
induction type motors, at 110 r.p.m., 3 700 Y.J There are two 
Curtis (impulse) steam turbines, each having 16 stages and 


* ShiphuildiTkg and Shipping JEtecord, Feb. 3, 1921. 

fibid., Aug. 10, 1922, p. 1Y6, and IlUc, Industries, Aug. 2, 1922, p. 935. 

tmi. Rev., Vol. 102. p.il63. 
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developing 6 T50 S.H.P. at 2 640 r.p.m., direct-coupled to a 
5 250 kV 3-pliase alternator. Steam is generated at 275 lb per 
sq. in. with 120° P. superheat. Four auxiliary D.C. 240 V 
500 kW geared turbo-generators are also installed. ’ 

The S.S. Virginia, a twin-screw, 18-knot vessel of 32 800 tons 
displacement, having machinery of 17 000 S.H.P., is driven by two 
synchronous induction-type motors each of 8 500 B.H.P. at 120 
r.p.m. With steam at 275 lb. / sq. in. and 200° F. of superheat, and 
a vacuum of 28-| in., the steam consumption on a 10 OOO-nule run 
worked out at 8T lb. / S.H.P. -hr., equivalent to 10-85 lb. /kWh, this 
being inclusive of all auxiliary power of which refrigeration alone 
accounted for some 800 H.P.* 

In addition to the Viceroy oj^ India, put into service in 1932 
the P. & O. Go. have two more turbo-electric liners under con- 
struction; the electric equipment being part of the 117 000 S.H.P. 
recently installed by the B.T.H. Co. of Rugby. The S.S. Mooltan 
has been fitted with exhaust turbo-electric drive through a motor on 
the main propeller shaft, as an auxiliary, with excellent results. 
This comparatively new development is making great headway. 
The success of the Bauer-Wach system of combining a low-pressure 
exhaust-geared turbine with a reciprocating steam engine has 
opened up many possibilities. In this system, the principal feature 
is the interposition of a hydraulic coupling of the Fottinger type, 
which makes it possible to cut out the exhaust turbine and part of 
its reduction gear almost instantaneously, preparatory to manceuvring 
with engine alone. -f- The use of an extra motor floating on the 
driving shaft, as mentioned above, obviates the use of mechanical 
reduction-gear, flexible couplings and hollow shafts. The losses 
are consequently more than balanced by the gains. 

The turbo-electric luxury liner Queen of Bermuda, built 
by Wickers-Armstrong and electrically equipped by the G.E.O. 
(Witton),{ has an overall length of 579i ft. ; breadth 83| ft. ; 
gross tonnage 22 500 ; speed 19J knots ; shaft H.P. 19 300. She 
is equipped with eight Babcock & Wilcox boilers of standard 
marine design, having a pressure of 400 Ib./sq. in. with steam 
temperature of 650° F., burning oil under forced draught. The 


*MUc. Bev., Yol. 105, p. 697. 

t SUjahuilcLing aTid Shipfpmg Becord, Sept. 26, 1929, p. 357. 
t Ibid., Feb. 23 ssnd March 2, 1933. 
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engine room contains two 1 500 kW, 3-phase, 3 000 V, 50 cycle 
G.E.G. -Fraser and Chalmers turbo-alternators running at 3 000 
r.p.iii. ; the alternators having 1 kW heaters embedded in their 
frames to keep them free from condensation when not in use. The 
turbine blades are machined from solid bars of stainless steel and 
indiwdnally riveted to the rims. There are overspeed governors 
and a gear to trip the turbine if the vacuum fails. Flexible 
coupKngs connect turbine and alternator. The propellers are each 
driven by a 3 000 Y synchronous motor of 4 750 B.H.P. normal 
rating at 150 r.p.m., and any motor can he supplied from either 
alternator. The motors are of the totaUy-enclased, salient-pole 
type, provided with heavy damping windings in the pole faces to 
develop the extra torque required when reversing, and with both 
forced ventilation and embedded heaters. Starting and stopping 
are effected by alteration of the turbine speed and regulation of 
both alternator and motor fields. Low-voltage switching is used 
throughout, the reversing switches only operating when all excita- 
tion is cut off. For auxiliary purposes, there are four 750 kW 
geared turbo-generators, while as an emergency standby there is an 
oil engine-driven 50 kW D.O. generator (on an upper deck) with 
an Exide ‘panic’ battery and the ‘keepalite’ system (§ 430). 
Electrical pyrometers, indicating at a central spot, record the 
temperature of the various uptakes, superheater, refrigerating 
chambers, etc. There are four electric cargo winches and four 
warping capstans (§ 791). The anchors are handled by electri- 
cally-driven capstan heads, exerting a pull of 28-J tons at 38 ft. / min., 
the motors being of 150 B.H.P. at 400 to 900 r.p.m. Batteries give 
an emergency supply to the Sperry auto-gyro compass, wireless, 
telephones, electric clocks, etc. Apart from the ordinary cowl 
ventilation, the whole of the accommodation is ventilated by the 
Thermo-tank punkah-louvre system, employing over 100 motor-fan 
units ; in addition, there are some 600 G.E.G. ‘Magnet’ fans cr 
Gyro two-speed fans. Exhaust ventilation extends to the lower 
decks, kitchens and baggage room — a matter that wiE appeal to 
every traveller by sea, especially in hot climates such as Bermuda. 
Gomplete electrically-operated refrigerating plants are provide ; 
two of 39 B.H.P. and two of 70 B.H.P., operating some 44 000 
cu. ft. of space. Automatic electric thermostatic fire-alarms are 
fitted in the cabins, etc., and there are fire detection arrangemente 
throughout. The G.E.G. cooking and heating equipment is a 
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special feature, requiring some 600 YW. All pumps are also 
motor driven. The electro-hydraulic steering gear is of the four- 
cylinder type, with two 42 B.H.P. constant-speed non-reversing 
motors each driving a Williams- Janney variable-delivery pump 
operated from the bridge by a Brown telemotor ; emergency con- 
nection can be made to the 'panic" battery in 14 seconds. 

964. Accessories and Auxiliaries. — For practically every 
purpose on board ship, except where A.O. propulsion is used, the 
employment of D.G. is general; the auxiliary dynamos — ^whether 
turbo or Diesel driven — ^being made large enough for all auxiliary 
purposes in addition to supplying, in most cases, exciting current 
for the main generators and motors. It should be possible to 
operate all auxiliaries when the main generating sets are out of 
commission, so that auxiliary generators are in any case advis- 
able. Furthermore, the turbo-alternators used for propulsion are 
essentially intended to be operated on both variable frequency and 
variable voltage, and are therefore only suitable for their own 
motors. 

The first consideration in a warship must always be reliability, 
economy being a very secondary consideration, at least on active 
service ; on the other hand, economy and reliability must run in 
double harness on a merchant vessel. 

Many auxiliaries are common to all types of ship; others are 
special to particular classes, especially to war vessels. Auxiliaries 
requiring power are scattered all over the ship, and can be easily 
reached by cables, whereas the losses in long steam pipes and 
individual steam engines are serious. The obstruction offered by 
cables is far less than that of pipes, and the liability of the latter 
to freeze is eliminated. The efficiency of a motor with its cables, 
especially at reduced load, is far higher than that of a steam 
engine with its pipe-line, and the motor is safer and more compact. 
By using meters, the exact consumption can be checked, and it is 
possible to detect both waste and mechanical or other irregularities. 
Control of the motors is possible from tbe bridge or any other 
convenient point, a single lever sufficing for speed control, forward 
or reverse, over the whole range of any particular apparatus. ’ 

The maintenance required by a motor is much less than that 
required by an engine ; given good design and installation, nothing 
more is needed than lubrication and cleaning down. The overaH 
^cw3t of etetrical equipment is little higher than that of steam 
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auxiliaries, including their pipe-lines, and the extra cost in more 
than compensated for by economies in service. 

The reliability of electricity is demonstrated by the fact of its 
use for electric or electro-hydraulic steering gear on practically all 
Diesel-driven ships ; which incidentally effects economy by cutting 
out a very inefficient donkey-engine which othervtdse would be in 
use throughout every voyage. The steering can he directly con- 
trolled from the bridge by a master controller; the motor may 
operate the rudder directly, or may work the valv^ of a steam 
steering engine or of hydraulic gear if preferred. In the latter 
case, it is essential that the motor shall restart directly and auto- 
matically as soon as the. supply is restored after a breakdown or 
stoppage of the plant. 

The navigation lights can be coupled in series with an electro- 
magnet which operates an ‘ on-and-of ’ indicator, and, if this shows 
‘ off* when the switch is on, an alarm bell is rung. 

The electro-hydraulic system, using a pump driven by a con- 
stant speed motor, has advantages for boat hoists, cranes, winches 
and the like ; full power can then be utilised on the motor whatever 
the speed of the driven machine. 

All electrical apparatus on board ship, together with its control 
gear, must be completely sea-proof and unaffected by saline 
moisture, as well as able to stand up to rough usage, strain and 
vibration. It must be capable of operation when at least 30® from 
the perpendicular. Corrodible metal parts must be avoided, and 
resistances should be of monel metal (§ 66, Table 6) or similar 
alloy. Facilities for easy access and simple repair are essential. 
Standardisation and interchangeability are, here as elsewhere, of 
use in reducing the number of spare components to be carried and 
in facilitating repairs or replacements at sea. Lever face-plate or 
drum-type controllers are generally preferred to contactor gear, 
but the latter has been successfully used in conjunction with 
master controllers for high powers, or where the controller is 
necessarily distant from the motor, as in steering gear. 

As regards location, cables are generally placed below the decks, 
and rheostats also when possible ; otherwise the latter may he put 
in suitable enclosures on deck. Good ventilation is desirable — and 
difficult to ensure; apart from the direct access of water, there is 
always condensation due to ‘breathing^ to be contended with 
(§ 538), so that drainage as well as ventilation is necessary, 
von. III. 721 45 
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Casings of all sorts must be vermin proof. Some of the motors 
such as those for cargo winches, are only used in port, and others 
e.g. for anchor windlasses, even more intermittently; these must 
be unaffected by weeks of idleness, and capable of service at 
any time. 

Warships . — In the British Navy the standard for auxiliaries 
is 220 y, 2-wire, with a ring main, whereas American practice 
favours 3-wire, 120 / 240 T . There may be as many as 400 motors 
on a battleship, aggregating some 2 300 B.H.P.* and varying from 
fractional horse-power up to 200 H.P. for boat hoists. For the 
working of heavy turrets, the electro-hydraulic system is used, 
plain electrical driving suflSciug for lighter turrets. For low and 
high-current density searchlights a motor-generator is generally 
used, reducing the pressure to 58-62 V with a constant current of 
110 A. 

So multitudinous are the applications that a mere alphabetical 
catalogue (Table 212) of the electrically-operated gear on one 
battleship {U.S.N., Maryland) must suffice: — 


Ta.ble 212. — Mectrieally-Driven Battleship Avioailiaries . 


Air corapressors. 

Air liea.ters. 
Aminumtioii hoists. 
Anclior ■windlass. 
Bake ovens. 

Boat cranes. 
Capstan, warping. 
Carpenters’ shop. 
Cinema/. 

Beok f ans . 

Grun elevating. 

G-un firing. 
Gyro-compass. 
Ice-cream machine, 
loe maehines. 
Kitchen -utensils. 
Laundry. 


Laundry and tailoring irons. 

Lighting. 

Motor boat ignition. 

Potato peelers. 

Powder-testing oven. 

Pumps. 

Range signalling. 

Searchlights. 

Steering gear. 

Sterilisers. 

Storage batteries. 

Telephones, ordinary and loud speakers. 
Turret training. 

Tentilating blowers. 

Tisual signals. 

Winches, deck. 

Wireless telephony and telegraphy. 


There are no doubt other uses w^hieh do not happen to exist on 
this particular ship, for instance, submarine signalling^ and navi- 
gation by ‘ leader ' cable. 


MeTchant Vessels . — Many of the auxiliaries in the above list 
are also found on passenger and/or cargo vessels — to which one 
would think the cinema and the ice-cream machine would more 


* M. Rev,, Vol, lOO, p. 575. 
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particularly apply. Cooking and many of the -ordinary domewtie 
appliances are used; electric heating and refrigerating are in- 
valuable ; and big liners have electric lifts. 

cclso data in Table I60, ^ 780, regarding power in dock- 
yards and ships ; also, § 791 for winches and capstans, and 
Chapter 31 generally for hoisting and allied services. 

965. Electric Propulsion of Special Craft— Apart from 
ships of war and merchant vessels, there are other claases of vmsel 
to which electric propulsion is applicable, and for which it is 
already used, to which brief reference must be made. 

Paddle-Wheel Ships , — The paddle-wheel steamer still finds a 
considerable field in lake, coastal and river service, especially where 
very light draught is necessary and ‘ stern-wheelers ' are employed. 
The stern-wheeler, with a single paddle, is inherently lacking in 
power of manoeuvre ; the speed of x'evolution (80 to 40 r.p.m.) is far 
lower than with screw propellers, and as such vessels spend much 
time both in avoiding sandbanks and in getting off those not 
avoided, the normal variation in running speed is large. Inde- 
pendent and instantaneous control renders the Diesel-electric drive 
very suitable for this class of work, in which the power involved is 
small. To attain lightness and minimum draught, single-geared 
driving motors are indicated. 

The ordinary pleasure steamer with twin paddies seldom 
requires more than 2 000 H.P,, so here also the Diesel-electric 
drive is suitable. In many vessels of this kind, there is now a 
single engine driving two paddles rigidly connected ; hut with an 
electric drive there would invariably be a motor to each inde- 
pendent paddle, enabling the boat to turn round practically on its 
own ground, just as with twin engines. Both in this respect, and 
in facility for -running astern, electric propulsion has an advantage 
that cannot be gainsaid. Turbo-electric propulsion has also been 
used* for paddle-steamers for a good many years, both with 
Ljungstrom and other -types of steam turbine of the order of 
2 aoo H.P. 

Ferries . — Apart from freely-running boa-ts, there is scope for 
electric propulsion on ferry boa-ts with a jfixed rout^ where power 
can he collected from a strung trolley line, if the span is reasonable, 
or from a similar line supported on floating or fiixed towers where 


Shipbuilding and Shipping Record, Makrch 20, 1919, p. S43. 
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a single span is impracticable. In recent years the double-ended 
train-ferry, as an alternative to a bridge, has often been used in 
river and estuary, and for these large units either the self-contained 
(Diesel or turbo) drive or the overhead trolley line is suitable. As 
an example, the ferry at the Golden Horn, between Oakland and 
San Francisco, may be cited ; since the present writer last crossed 
this ferry it has been converted to turbo-electric working, pro- 
pellers are installed at both ends of the double-ended boat, each 
having a 1 200 H.P., 500 Y, 125 r.p.m. motor for a speed of 13 
knots. Bow and stern are alike, and whichever propeller is for 
the time being at the bow runs at lower speed — 100 r.p.m. — so as 
to secure zero slip on that propeller. The similar ferry service 
between San Francisco and Berkely uses a 400 H.P. Diesel-electric 
drive.* 

Barges, — Electrically-operated barges, running from trolley 
lines along the tow-path, have had considerable success where 
water transport is freely used. The extravagant proportion of 
the total cost of coal, coke, iron, and steel, for which railway 
transport is responsible in this country, is notorious ; unfortu- 
nately, most of our canals were frozen out long ago by railway 
competition — ending in purchase and disuse — so that the volume 
of heavy traffic carried by them is small. A revival of canal 
transport by electricity, divorced from railway control, is one of 
those obvious remedies which do not interest hard-hit industrialists ; 
but with the advent of the ‘ grid ’ and rural lines it becomes 
eminently practicable. 

An alternative method is to tow barges by an electric loco- 
motive running along the bank; but the cost of the permanent 
way, and the possibility of having to strengthen the banks to 
withstand the weight, go far to counterbalance the cost of the 
first-mentioned system. 

It has also been proposed to equip barges for the required low- 
speed propulsion by motor-driven propellers, an d to supply power 
to a cbain of sucb through a flexible cable from a self-propelled 
motor boat carrying generating plant. This is practically 
equivalent to a multiple-unit train on land, and would appear to 
be tbe most economical plan in first cost for inland waterways. 

* Gom^e^d Air Magazine ^ Kov., 1927, p. 2211, See also ‘ Application of 
Electric Propulsion to Donl)le-Ended Boats,’ by A. Kennedy and F. V. Smith. 
Jour, Am, Oct, 1925, p. 1079. 
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As an alternative to generating plant, accumnlators could "be used, 
provided charging and changing stations were built. The energy- 
required, however, is said to be three times that needed with 
locomotives.^ 

Tugs . — The Diesel-electric drive is particularly suitable for 
harbour tow-boats and tugs, on account of the manoeuvring power 
given and the facility with which it is possible to operate the 
propeller at low speed with a large thrust or at high speed with a 
proportionately reduced thrust, f 

Dredges , — Mention is made elsewhere (§ 842) of electrically- 
driven dredges for hydraulic mining, and this type of vessel has 
also been used for ordinary suction and bucket dredging, with 
power from 500 to 1 600 H.P. 

Miscellmieous , — Electrically-propelled coastguard cutters, fire- 
boats, oil tankers, trawlers, and yachts have also been built to 
the number of some dozens in the TT.S.A. 

966. Rules and Regulations Concerning Electricity on 
Shipboard. — Under the Home OflBce Regulations relating to the 
construction and repair of ships, it is specified that direct current 
only shall be used and the pressure shall not exceed 120 V : (a) 
for all temporary installations for lighting, power, or heating on a 
ship under construction or repair ; (6) for welding by means of an 
electric arc, except where it can be shown that the use of A.O. is 
as safe as that of D.C. at 120 Y, All approaches and all parts 
where work is being carried on must be efficiently lighted, and 
lights must be provided at deck and other dangerous openings and 
at all ladders and gangways. 

The I.E.E. in 1926 issued the second edition of its ‘ Regulations 
for the Electrical Equipment of Ships,’ a permanent Committee 
having been appointed to deal with this matter. These Regulations 
are on the lines of the ‘“Wiring Rules’ {g.v. in Yols. 1 and 2) for 
land use, being concerned mainly with internal equipment for 
auxiliaries rather than with propulsion. Important alterations 
and additions are contained in a supplement issued in 1929. 

The American I.E.E. has also published a code of rules — see 
Bibliography below. 


*Elekt, Zeits., Oct. 20, 1921, p. 1190. 

+ ‘ Electric Transmission of Po'wer for Propelling Ships,’ W. J. Belsey. Proc. 
Bitchy Engineering Society, April, 1928. 
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INDUSTRIAL PROCESSES— CHEMICAL AND METAL- 
LURGICAL. 

968. Scape of Chapter. — The subjects of electro-chemistry 
and metallurgy are matters on ^hich specialist treatises must be 
consulted {see Bibliography, § 998). All that can be attempted 
here is to give a short summary of the main branches of the arts 
and to point out their importance to the world at large and to the 
electrical engineer in particular. The Great Var caused progress 
to be made such as would have taken many years to accrue in 
times of peace, owing to the fact that all ordinary economic sources 
of supply were for one reason or another either not available or 
insuflScient ; also because new alloys with special properties were 
urgently needed for aeronautical and other war machines. Into 
the chemical and ionic reactions involved this chapter enters hut 
slightly, but such information as is available is given as to the 
electrical side of the problem within our limits of space. (For 
Electric Cutting and Welding, see VoL 2, Chapter 27.)- 

Of the various industries, some use electricity simply as a source 
of intense heat in the arc or resistance furnace; others are 
electrolytic furnace processes ; others, again, are electrolytic hut 
involve no furnace; others, again, involve neither furnace nor 
electrol 3 ^i&. The successful application of all these processes de- 
mands a vast amount of chemical and physical knowledge ; the 
smallest details may be of crucial importance, and they vary widely 
in individual applications of what is essentially the same process. 
Many processes are not even patented but are kept secret,* especially 
in regard to deposition solutions. 

The size of, and space required by, the plant, especially where 
electrolytic cells are involved, are large in proportion to the output 


* Just as Courtauld’s for long kept the secret of their gas-heated cr^pe rollers, 
on one of which — ^bnt a plain one — ^the writer was detailed to experiment with 
internal electrical heating. But this was 35 years ago, before induction or eddy 
current heating came in. 
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of product, seeing that the raw material is generally in a state 
of aqueous solution and therefore bulky ; hut greater purity is 
obtainable than by other means and very exact regulation is 
possible. Some processes neither require nor generate any great 
amount of heat, and so save in maintenance over non-electrical 
methods ; others require far more intense heat than is obtainable 
by any other means. 

969. Cheap Power Essential. — In some of these processes, 
especially the electro-chemical ones, the cost of power is such a 
large item in the total cost of the product that it becomes of para- 
mount importance. In these cases it is seldom possible to compete 
in the world’s markets unless water power — and exceptionally 
cheap water power — is available ; by this is meant energy produced 
and delivered at the industrial factory at an overall cost of not 
much more than one-tenth of a penny per kWh. It has already 
been pointed out (VoL 1, § 217) that the capital investment required 
for water power is generally very high as compared with that for 
steam power, but that the recurring charges (other than capital), 
are very low ; consequently (apart from the cost of competing fuel) 
the load factor is the decisive element. In regard to water power, 
Norway is perhaps in a more favourable position than any other 
country, though the United States are also fortunate in their 
hydro-electric resources. Many of these chemical and thermal 
processes are practically continuous in operation, so that their load 
factor is between 90 and 100 7o- This in itself enables power to 
be purchased at rock-hottom prices, as the plant is earning its full 
revenue throughout the 24 hours. Nevertheless, only water power 
that is distinctly cheap in capital cost can enter the field ; a scheme 
like the proposed Severn Barrage (§ 230, 5th edn.), estimated to pro- 
duce power for sale at a farthing per unit, is out of the running. 
Where coal is suflSciently cheap it can give better results than this. 

The power factor of an electro-chemical or metallurgical plant 
is, as a rule, relatively high owing to the large proportion the 
electrolytic load at unity power factor bears to the total load of the 
factory; it is therefore seldom necessary to employ means for 
power-factor correction (Chapter 5). For true electro-chemical 
processes, i.e. those involving electrolysis, D.C. is essential, gener- 
ally in the form of very heavy currents at low pressure. With 
modern methods of generation this means that the special generator, 
or a motor-generator on the public supply, must be used on the 
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spot, and as near to the work as possihle, because of the great cost 
of the heavy connections. Heating processes may use both D.C. 
and A.C., but the latter is generally more convenient. In arc 
furnaces A.C. offers ease of transformation on the spot to any 
voltage required, and the minimum cost of leads up to the furnace ; 
it also eliminates electrolytic action on the refractory linings, which 
often become conducting (if not already so) at these extreme 
temperatui’es, and in the charge itself. An induction furnace is, 
of course, essentially an A.C. apparatus, while resistance furnaces 
may use either A.C. or D.C. 

970. Efficiency of Electroljrtic Processes. — The weight of 
a metal electrically deposited from a solution per ampere-second 
(coulomb) is called the ' electro-chemical equivalent ' of the metal. 
The value of this function is constant for any particular substance, 
a fact discovered by Faraday, whose name is given to the laws 
governing these reactions; but different elements have widely 
different electro-chemical equivalents. Hydrogen has a chemical 
equivalent of 1 and an electro-chemical equivalent of 0*000 010 38 
gramme or 0*010 38 mg. per ampere-second. The weight in milli- 
grammes of any other element theoretically liberated per ampere- 
second from an electrolyte will he found by multiplying the figure 
0*010 38 by the chemical equivalent, or combining weight, of the 
element. The chemical equivalent is the atomic weight divided by 
the valency, and in metric units is known as the ‘ gramme (or gram) 
equivalent.' Thus silver, which is univalent and has an atomic 
weight of 107*67, has also a chemical equivalent of 107*67. Its 
electro-chemical equivalent will therefore be 0*001 118 gramme 
or IT 18 mg. per coulomb.* 


* Faraday’s First Law states that where electrolysis takes place, the resulting 
chemical efiecfe is directly proportional to the product of the current into the time, 
or to the quantity of electricity which has passed through the electrolyte ; and his 
Second Law states that the weights of different substances deposited or set free at 
the electrodes are in all cases proportional to the equivalent weights of the 
substances concerned. Allmand summarises them into the statement ‘ If a current 
pass through an electrolyte, bringing about chemical changes at the electrodes, 
the quantity of each substance formed will be directly proportional to its equivalent 
weight, to the strength of the current, and to the time of passage of the current ’ 
(Allied Electrochemistry), The Faraday electrolytic constant, or simply the 
‘Faraday,’ is 96 500 coulombs (nearly) or 26*8 Ah, this being the quantity of 
electricity required to liberate one ‘gramme-equivalent’ of the substance — the actual 
weight, of course, varying with the chemical equivalent and valency. 
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The following Table gives the value of these functions for a 
number of elements : — 


Table ^IS.—GheTuical and EleGtrochemical Equivalents. 


Element- 

Valency. 

Atomic 

Weight. 

Chemical 

Equivalent, 

Electro- 
chemical 
Equivalent 
in mg. per 
Coulomb- 

Gramme per 
Ampere- 
hour. 

Eleotro-positive. 
Hydrogen . 

Hi 

1*00 

1*00 

0-010 384 

0-037 38 

Potassium 

Hi 

39*04 

39*04 

0- 405 39 

1- 459 50 

Sodium 

Na, 

22*99 

22*99 

0* 238 73 

0- 859 42 

AluminiTim 

Ala 

27*3 

9*1 

0* 094 49 

0- 340 18 

Magnesium 

Mg, 

23*94 

11*97 

0* 124 30 

0- 447 47 

Gold .... 

AUg 

196*2 

65*4 

0* 679 11 

2- 444 80 

Silver 

Agi 

107*67 

107*67 

1 * 118 00 

4- 025 00 

Copper fcupric) . 

Gug 

63*00 

31*5 

0* 32709 

1* 177 00 

„ (cuprous) 

Cui 

63*00 

63*00 

0-65419 

2- 355 00 

Mercury (mercuric),.. 

Hg, 

199*8 

99*9 

1- 037 40 

3* 734 50 

„ (mercurous) 

Hgi 

199*8 

199*8 

2- 074 70 

7- 469 00 

Tin (stannic) . 

Sn^ 

117*8 

29*45 

0- 305 81 

1- 100 90 

„ (stannous) . 

Sn^ 

117*8 

58*9 

0 - 611 62 

2 * 201 80 

Iron (ferric) 

Feg 

65*9 

18*64 

0- 193 56 

0- 696 81 

„ (ferrous) . 

Feg 

65*9 

27*95 

0- 290 35 

1- 044 80 

Nickel 

Nia 

58*6 

29*3 

0- 304 25 

1- 095 30 

Zinc .... 

Zn, 

64*9 

32-45 

0- 336 96 

1-213 30 

Lead 

Pba 

206*4 

103*2 

1- 071 60 

8 - 857 80 

Electro-negative. 
Oxygen . 

O 2 

15*96 

7-98 

0 * 082 86 

0- 305 0 

Oiilorine . 

Oil 

35*37 

35*37 

0* 367 28 

1- 321 6 

Iodine 

la 

126*53 

126*53 

1* 313 90 

4- 838 4 

Bromine . 

Bri 

79*75 

79*75 

0 - 828 12 

2- 980 4 

Nitrogen . 

N 3 

14*01 

4*67 

0* 048 49 

0- 174 5 


In the case of any- particular element, the quantity decomposed 
from its solution per second is proportional to the current. But in 
practice the full efficiency given by Faraday’s Laws is not obtainable. 
Apart from imperfections in the construction and working of the 
cells there is often ‘local action’ (§ 131) as in secondary cells ; also 
in some cases it is difficult to prevent loss of the product as it is 
formed, e.g. sodium. Consequently the ‘current efficiency’ may 
vary from about 40 to 100 7o* Similarly, the voltage efficiency is 
always below par, as the actual voltage across a cell must exceed 
the theoretical ‘reversible decomposition voltage’ of the substance 
electrolysed ; polarisation and other factors also come into play here. 
The overall ‘energy efficiency’ is, of course, the product of the 
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other two, and therefore lower than either, going down to 20 % or 
even less in some cases. 

Faraday’s terms have held good ever since he devised them ; the 
‘anode’ is the positive pole of the cell, or the conductor by which 
the current enters the electrolyte and from which a metal is 
removed for deposition ; and the ‘ cathode ’ is the negative pole or 
that by which it leaves, and on to which a metal is deposited ; the 
‘ anion ’ is the constituent of the electrolyte which moves from the 
cathode towards the anode, and the ‘ cation ’ is that which moves in 
the opposite direction. The electrolyte itself, where it is divided up 
by a diaphragm, becomes the ' anolyte ’ at the anode end and the 
‘ catholyte ’ at the other. In electro-deposition the cathode is also 
known as the ‘ starting sheet ’ which is built up by electrolysis ; 
consequently it is generally, though not always, of the same pure 
metal as is to be deposited. 



Fia. 413. — ^Parallel electrodes. 


Individual electrolytic cells require very low potential ditfer- 
ence, from Y to 6 V, so that in practice a number of cells are 
generally connected up in series to enable generators o£ standard 
voltage to be used. Apart from the resistance drop of pressure in 
the leads and connections from the generator, the actual pressure 
in any case depends on the theoretical ^ decomposition voltage ’ of 
the substance electrolysed and on the internal resistance of the cell 
(§ 21, Yol. 1) including that of the diaphragm between the 
electrodes, where one is used. For the most part the cells are of 
large size, requiring currents of the order of 1 000 to 10 000 A,- 
the electrodes being of such size as to give the current density re- 
quired. This factor, and the temperature at which the cell is 
maintained, are very important elements in the success of every 
process. In order to get the large electrode surface generally 
required, these are normally arranged in parallel groups (Fig. 413), 
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alternate anode and cathode, like the plates in a secondary battery 
an external bus-bar connecting up each set. 

A different arrangement, the bipolar electrode (Fig. 4^14), is used 
where it is desired to absorb the whole of the P.D. in one or a 
small number of cells. Here there is an anode at one end of a 
long cell and a cathode at the other end; in between and face to 



Fig. 414. — Bipolar electrodes. 


face are as many bipolar electrodes as are necessary, of which one 
face acts as the anode and the other as the cathode. The voltage 
required for the process (called in this chapter the ' pressure per 
cell ’) is absorbed at each pair of electrodes, so that a single cell can 
employ ordinary dynamo voltages. 

971. Electric Furnaces. — Electric furnaces fall naturally into 
two main groups— low- and medium-temperature furnaces, in 
which the heating element is generally a resistance wire or grid 
suitably shaped and disposed ; and high-temperature furnaces, in 
which the heating is performed by an electric arc or by the induc- 
tion of heavy currents in the molten charge itself. In the former 
class of furnace the ease and accuracy with which electric heating 
may he controlled is one of its chief advantages ; in the latter class 
the high temperature (up to 3 600° C. or even 4 000°) attainable 
by electrical means is a consideration of prime importance, com- 
pared with the 2 000° C. of combustion furnaces. In all cases the 
freedom of electric furnaces from contamination by ashes, fumes, 
etc., is an immense advantage, and they can be regulated so as to 
have a reducing, oxidising or neutral atmosphere as required. In 
Chapter 26 (Vol. 2) we have already dealt very fully with the 
subject of industrial heating generally (§ 634 et seq.); with details 
and illustrations of many t3rpes of electric ovens and furnaces 
(§§ 636, 639, 640) ; with heating by current conducted into the work 
(§ 637) and by induced current (§ 638); with induction furnaces 
(§ 639) ; with are furnaces (§ 640) ; with electrodes for are furnaces 
(§ 641) ; with industrial ovens for various purposes, including melt- 
i’^g(§§ 644); with the properties of metals as to heating 

and melting (§ 645); with steel furnaces (§ 646); and with melt- 
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ing furnaces (§ 647). The following Tables in that chapter also 
bear on the present subject-matter and need not be' repeated: — 

Table 96a. Electric Ovens, Furnaces, etc., for Industrial Pur- 
poses. 

Table 97.* Typical Power and Energy Data for Electro- 
chemical and Metallurgical Processes. 

Table 98. Specific Heat, Melting-point, and Latent Heat of 
Fusion of Materials. 

Table 99. Typical Data for Mufl3e-type Furnaces for the Heat 
Treatment of Steel. 

Table 100. Energy Consumption of Electric Resistance Fur- 
naces. 

Table 101. Approximate Consumption of Energy in Melting 
Metals in Furnaces of 300 to 600 lb. capacity. 

Table 102. Morgan Electric Crucible-resistance Furnace. 

The above cross-references are given again where necessary in 
this chapter. 

Electric furnaces, heated by resistance coils or grids, are used 
for laboratory work and in japanning ovens and other industrial 
applications; the ordinary domestic oven (§§ 616 to 618; 628) 
clearly belongs to this class. Various forms of high-temperature 
electric furnace are used for such work as the manufacture of 
refractory compounds and for the melting and refining of metals 
{see infra). Electrical energy, for reasons explained in paragraph 
622 (Vol. 2) can rarely if ever compete directly with the com- 
bustion of fuel as a means simply of producing heat cheaply, and 
for this reason it is not likely that electric furnaces can ever ex- 
tensively replace large coal-fired blast furnaces and smelters, 
though electric smelters of moderate size operate successfully on 
certain ores and in some other cases where other factors than cheap 
heat have to be taken into consideration. The chief application of 
electric furnaces is, however, in the manufacture of special high- 
grade steels (§§ 976 to 979). In this connection their degree and 
accuracy of heat control and their immunity from chemical con- 
tamination permit results to be secured which can be achieved 
commercially by no other means. 

In arc furnaces (§ 640) the source of heat is an arc struck 
between two or more large carbon electrodes (§ 641) fed, as 


* Erroneously numbered 97a. on p. of Vol. 2, ith edition, 
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necessary, through the roof of the furnace, and held just above the 
surface of the Aiolten charge ; alternatively the arc may be struck 
between the electrodes and the charge itself, the second electrode 
being then a carbon or other conducting block let into the bottom 
of the furnace- In resistance furnaces (§ 636) for steel manufac- 
ture and similar work, two sets of electrodes are plunged into the 
charge, and the latter is heated by current passing through its own 
electrical resistance. Currents of several thousand amperes are 
used in arc and resistance furnaces; hence for convenience and 
efficiency A.C. supplj^ds employed, step-down transformers are 
located near the furnace itself, and laminated copper feeders, 
carrying the heavy low-pressure secondary current, are taken to 
the furnace terminals. In induction furnaces (§ 639) even these 
leads are eliminated by building the furnace in ring-trough form, 
so that the charge itself forma a short-circuited single-turn 
secondary in which very heavy currents are induced by one or 
more primary windings connected to the A.C. supply. Owing to 
heat being produced very close to, or even actually within, the 
material to be heated in electric furnaces, the thermal efficiency of 
these is very high — say 60 to 85 % compared with 30 to 50 °j^ for 
shaft furnaces; 20 to 30 % ^or regenerative furnaces; 10 to 15 7^ 
for reverberatory furnaces ; and 2 to 3 7o for crucible steel furnaces! 
The higher thermal efficiency of the electric furnace goes a long 
way towards compensating for the more expensive heat employed. 

The refractory linings of furnaces always offer difficulties, which 
are increased in the extreme temperatures of the electric type. 
They may be summarised as follows : — 

Acid Linings. — Silica. 

Dinas brick. 

Ganister. 

Fireclay. 

Basic Linings. — Lime. 

Magnesia. 

Electrically calcined magnesite. 

Bauxite. 

Neutral Linings. — ^Carbon; retort or lamp black. 

Chromite. 

Alundum. 

Carborundum. 

Chrystolon. 
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The desiderata in a refractory are: (1) absence of deformation 
at working temperature ; (2) absence of shrinkage ; (3) mechanical 
strength; (4) resistance to the penetration of vapours and slags 
and to chemical corrosion; and (5) fixity of form and dimensions. 

972 . Summary of Processes. — Among the more important 
electro-chemical and electro-metallurgical processes briefly dealt 
with in this chapter are the following : — 

Electric Furn-ace Processes, 

(A) nitrogen Products. 

Manufacture of calcium carbide and its derivatives, viz. 
cyanamide, ammonia, nitric acid (§ 973). 

Direct fixation of atmospheric nitrogen to nitric acid and 
nitrates (§ 974). 

(E) Metallic Products. 

Electrolytic production of aluminium (§ 975), 

The reduction of iron ore (§ 976). 

Production of electric steel (§§ 977 and 978). 

Production of ferro-alloys (§ 979). 

Electrolytic production of metallic sodium and allied metals 
(§ 980). 

(C) Miscellaneous Furnace Products. 

Manufacture of abrasives ; carborundum and silicates ; quartz 
glass (§ 981). 

Manufacture of graphite (§ 982). 

Distillation products (§ 983). 

Processes not Involvino Furnaces. 

Electrolysis of brine (§ 984). 

Manufacture of hydrogen and oxygen ; ozone ; water gas 
(§ 985). 

Other technical chemicals — ^permanganates, etc. (§ 986). 

Electrolytic reduction and refining of copper (§ 987). 

Extraction and refining of gold (§ 988). 

Extraction and refining of silver (§ 989). 

Extraction and refining of nickel (§ 990). 

Zinc extraction (| 991). 

Lead refining (§ 992). 

Tin recovery (§ 993). 

Electro-plating and electro-typing (§ 994). 
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In his Presidential Address to the Institute of Chemical En- 
^neers ^ Sir Alexander Gibb gave the following figures of power 
required, and output: — 

Pulp and paper . . 1 800 to 2 OOO hWh per ton. 

Hydrogen . . .1 600 kWh per 1 000 cu. ft. 

Pig iron . . .2 000 to 3 000 kWh per ton. 

Electrolytic zinc . . 8 800 to 4 000 „ 

Calcium carbonate . . 4 000 to 4 500 „ 

Direct synthetic nitrogen . . 5 000 „ 

Ditto, with arc process . . 80 000 

Nitrogen by cyanamide process . 20 000 „ 

Ferro-alloys, various . 5 000 to 15 000 „ 

Phosphorus . . .11 000 to 15 000 „ 

Magnesium . . .18 000 to 20 000 ,, 

Aluminium .... 25 000 „ 

He also pointed out that the world's consumption of aluminium is 
400 000 to 500 000 tons a year, involving 2-J- million H.P., which at 
OTd. per unit is 20 7o ^^le cost of the product ; for pig iron, 
energy at the same rate costs 30 % present-day price of the 

metal. Reference may also be made to the ‘ Review of Progress ’ f 
under the sub-head 'Electrolytic Extraction and Refining of Metals.' 

Electric Purn’ace Processes. 

A. Nitrogen Products. 

973* Nitrogen Products. — A great deal of useful information 
regarding the processes summarised below is to be found in the 
Report of the Nitrogen Products Committee of the Ministry of 
Munitions, 1919. Using coal, the Committee estimated that a 
100 000 kW power station could be equipped at a cost of £10’26 
per kW and that the ' works cost ' of energy, exclusive of interest 
and depreciation, would be £8*75 per kW year at the switchboard 
with coal at Is. 6d. per ton. Such a price, or anything approach- 
ing it, is unlikely to occur in future however, except at the pit’s 
mouth. The report assumes that 1*87 kW years are required per 
metric ton of 100 nitric acid produced by the arc process, 
equivalent to 8‘4 kW years per metric ton of fixed nitrogen. On 
these (now no longer tenable) data the cost of production of calcium 

t Jour, Vol. 66, p. 550. 


* Blec. Eev .9 Vol. 102, p. 618. 
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and sodium nitrate would Le £0*58 and £0'60 per metric ton of 
fixed nitrogen. By the cyanamide process the Report estimates the 
cost as £0'24j per metric ton of fixed nitrogen in the cyanamide ; 
£0*29 when in the form of ammonia liquor ; and £0*38 in the form 
of ammonium sulphate ; all on the same basis of fuel cost. Plants 
for the manufacture of nitrogen products are in operation in the 
United States, Great Britain, Germany, Prance, Scandinavia, Italy. 
Japan, Korea and Brazil The ‘ Review of Progress ' in the Journcul 
of the Vol. 66, p. 537, also gives much useful information 

on all these processes. 

(1) Carbide of Galcium . — Various types of electric arc furnace 
(§ 640) are used in the manufacture of calcium carbide, from 
which acetylene, cyanamide and many other derivatives are ob- 
tained. The process is carried out on a large scale at the British- 
owned works at Odda, Norway, and at many other places through- 
out the world. There are two types of furnace, each with 
variations, according to whether the container is used as one 
electrode with the other suspended above it or both electrodes are 
above the container. There are also two methods of drawing off 
the finished product, either as a solid ingot or, more recently, as a 
liquid tapped off through the side of the container. The raw 
materials used are freshly burnt quick lime and anthracite coal, 
charcoal or coke, free from phosphorus and sulphur, in the 
proportion of 1*7 to 1, and the reversible reaction which takes 
place is 

OaO + 30 CaCa 4- CO. 

The process depends on the high temperature obtained, about 
3 000“ 0., so that a very large current at low pressure is used ; the 
are may be either single-phase or S-phase. Single furnaces have 
been constructed for as much as 10 000 kW and the yield is 
between 3 000 and 4 500 lb. of 80 7o carbide per kW year, accord- 
ing to the type of furnace used. 

(2) Acetylene . — This gas, formed by the action of water on 
calcium carbide, is merely mentioned because the present carbide 
industry arose entirely on the false hopes generated (along with the 
gas) in the early days of manufacture, when it was imagined — 
under the influence of the company promotor — that it would 
displace all other illuminants. At present, except for use in cycle 
lamps, most of the gas made is utilised in the oxy-acetylene jet for 
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metal cutting, wkere electric cutting (Chap. 2T) now actively 
competes with it. 

(3) Cyancumide , — When calcium carbide is heated in pure 
nitrogen, the valuable fertiliser calcium cyanide (also called cyan- 
amide; lime nitrogen; nitrolim) is formed according to the rever- 
sible reaction 

CaC^ + N3 ^ CaONs + C. 

Pure nitrogen is obtained in the ordinary way, by the fractional 
distillation of liquid air ; and this is passed into retorts containing 
powdered carbide. The heat is obtained from the reaction itself 
after it has begun, but it is started by the electrical heating of a 
carbon rod in the mixture. The yield is about 1 000 lb. of fixed 
nitrogen (or 5 000 lb. of cyanamide) per kW year. 

(4) Ammonia . — From cyanamide, ammonia can be obtained 
directly, by the action of superheated steam. Synthetic ammonia 
is also produced by the direct combination of its elements, by the 
Haber process. The reaction is exothermic, that is one evolving 
heat, and a low temperature therefore assists it. The hydrogen 
and nitrogen are circulated under a pressure of about 200 atmo- 
spheres over a catalyst such as osmium or uranium, contained in an 
electrically heated tube maintained at about 500° C., and thereafter 
through fine tubes maintained at a very low temperature. The 
ammonia liquifies and the unchanged residue is re-circulated. The 
Nitrogen Products Committee states that whereas the highest yield 
previously recorded was 1 kg. of ammonia per hour per litre of 
space occupied by the catalyst Dr. Harker obtained from 10 to 
20 kg. at working pressures of 100 to 150 atmospheres. 

In connection with ammonia plants there is also the manufacture 
of ammonium nitrate and carbonate and of nitro-chalk ; and at the 
works of Imperial Chemical Industries (JBillingham) ammonium 
sulphate is made, using natural anhydrite mined on the spot in 
place of sulphuric acid. 

In addition to the Haher process ammonia is also made by the 
Carrara, the Fauser and the Casale ; and the Claude process is 
conaing into extensive use, in which the nitrogen is first liquefied 
for the elimination of oxygen and then compressed, with three 
times its volume of hydrogen, to 800 atmospheres, after which it is 
brought into contact with Casale catalysts at a temperature of 
500° C. 
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Yet another process for obtaining ammonia is that of Serpek, 
in which bauxite is heated in an electric furnace with coal, in an 
atmosphere of nitrogen, when the reaction 

AJ,Os + 30 + Na = 2A1N + 3C0 

gives aluminium nitride. This is decomposed by boiling with 
caustic alkali to form ammonia and sodium aluminate, from which 
pure AI 2 O 3 can be recovered. 

(5) Nitric Acid . — In its turn, by the Ostwald process, 
ammonia can be oxidised, in the presence of a suitable catalyst 
such as platinum, to nitric acid. This reaction can be so regulated 
that only about half the ammonia is converted into acid, the re- 
mainder being then neutralised by the acid already formed so as to 
give ammonium nitrate ; this is extensively used in the manufacture 
of high explosives. 

It is impossible here even to mention all the nitrogen products 
of the present day, which are constantly added to ; some of them 
are extensions of those dealt with above or are inter-connected 
with the nitrogen produced by direct fixation (§ 974), The value 
of phosphorus (§ 983) as a fertiliser has led to its combination 
with nitrogen products in the form of Nitrophoska, or nitrogen- 
potash-phosphoric acid fertiliser, made at the Leunawerke in 
Germany ; this is produced from chloride of potassium, nitric acid 
and phosphoric acid, the production (1928) being 12 (> 000 tons a 
year. Similar fertilisers are Leunaphos (N 29 % * ^2^5 1^ 7o) 
and Diammonphos (N 19 % - ^^2^5 7o)* 

974. Direct Fixation of Atmospheric Nitrogen. — The natural 
sources of nitrates in bulk, namely, saltpetre and Chili saltpetre, 
have long been insufficient even for the world’s agricultural needs ; 
and they proved not only inadequate but also unprocurable during 
the war, when they were required as the source of nitric acid in 
the manufacture of explosives. Until special factories were hastily 
erected and equipped during the struggle the chief sources of 
synthetic nitrates were the factories at Notodden (§ 219) and 
Ejukan (§ 243) in Norway, where some 300 000 H.P. is developed 
at various points on a single river for this single industry. Later 
on many other factories were started, some using water power and 
others steam power, 

(1) Birkeland-Eyde Process . — The direct oxidation method of 
Eirkeland and Eyde is employed at the Rjukan group of factories 
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in Norway. Each 3-phase 50-cycle generator of 10 000 kW 
serves its own bank of three separate high-pressure single-phase 
star-connected arc furnaces, consisting of a steel casing lined with 
refractory material. The air is drawn into the narrow space 
between the linings through multiple holes in the centre, and is 
discharged at the circumference after treatment. At the centre 
the arc is formed between hollow water-cooled 2^-in. copper tube 
electrodes about ^ in. apart. Clearly ,such a short arc would 
amount practically to a short-circuit, and the high pressure could 
not be maintained across it even in a strong outward current of 
air. A powerful electro-magnet is therefore so arranged that its 
repulsive effect is directed on to the arc and spreads it outwards 
into a fan. Thus the pressure is maintained between the electrodes, 
and a succession of separate arcs are started which, being A.G, 
are broken at each half -cycle. Practically the whole of the narrow 
cylinder between the walls, some 6 ft. in diameter, is therefore a 
mass of nitrogen burning in oxygen. Unlike most combustion 
processes, which when once started are self-supporting, the oxida- 
tion of nitrogen is endothermic, i,e, it takes place with absorption 
of heat, the higher the temperature of the gases the greater is the 
amount of nitric oxide produced. The actual percentage oxidised 
is small, some IJ to 2 7o? probably due at least in part to the fact 
that the reaction is a reversible one. The product, nitric oxide, 
NO, leaving the furnace, must he \rery rapidly cooled to prevent it 
splitting up again. Regenerative steam boilers absorb most’ of the 
heat, which thus reappears in the form of additional power ; the 
equivalent of one ton of coal is recovered in this way per kilowatt- 
year expended in the furnaces, and the yard locomotives are 
operated hy thermal storage boilers so supplied. In the course of 
cooling the NO is further oxidised to nitric dioxide NO2. This is 
passed up through a succession of concentrating towers loosely 
packed with quartz, meeting water (or dilute acid as the chain 
proceeds) on the way down, with the result that a mixture of 
nitric and nitrous acid is formed. The residue of gases is then 
absorbed with caustic soda and gives sodium nitrate. The equations 
of the process are 

(i) N2 + 0,^ 2NO, 

(ii) NO + O - NO2, 

(iii) 2NO2 +. H2O = HNO3 + HNO2. 
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The final product is generally nitrate of calcium (ISTorwegian 
saltpetre), the acid being neutralised by limestone or lime and 
concentrated by evaporation. Each arc has a choking coil in 
series with it, reducing the pressure from about 5 000 to 4 000 V. 
The overall power factor of the system is low, from 0*65 to 0*7. 
Some 1 300 up to 2 000 lb. of nitric acid are obtained per kW 
year.* 

(2) Schonherr and Pawling Processes . — These ai’e also single- 
phase high-pressure arc furnaces, in which the reactions are the 
same while the constructional details are different. In both the 
air is pre-heated regeneratively, and the current of air alone 
spreads the arc, without any electro-magnetic device. The Schon- 
herr furnace is tubular in form, and the arc is practically a 
continuous one of great length between an electrode at the base 
and the containing tube, up which the air carries the fiame. The 
Pauling arc is formed between horns such as are used in the 
common form of lightning arrestor, and is struck afresh, like that 
in the Birkeland-Eyde furnace, at each reversal. 

(3) Other Processes . — Mention may also be made of the 
Moscicki-Kowalski, the Wielogaski and the Island furnaces.f In 
the Kilburn-Scott furnace, as described by the inventor, J a 3-phase 
arc is used, giving greater continuity, as there is no moment in 
which more than one arc is extinguished at the zero line. The per- 
centage yield is consequently said to be higher than with single- 
phase furnaces, to the extent of about 50 7o* None of these 
have, however, come into extensive use. 

B. Metallic Prodwcts. 

975. Aluminium. — The electric furnace, coupled with the 
development of water power, has created a huge industry in the 
manufacture of aluminium ; for, though it is one of the commonest 
constituents of the earth’s crust, it was previously only obtained 
with difficulty and at great cost by the process of separation with 
metallic sodium. The writer can recollect handling a precious 
sample in the school laboratory when it was far more expensive 
than silver ! Alloys of the metal were first produced electrically 


* Tlie specific energy consumption in the arc process is 73*7 hWh per kg. of 
fixed nitrogen, or 250 lbs. per kW year. See ‘ Electrcxjhemistry and Electrometal- 
largy,’ by W. E. French, Jour. Vol. 66, p, 587. 

t Described in Jour. T.E.E., loc. cit. 
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from emery, by the Cowles furnace, but this method has lon^ been 
superseded. 

In recent years bauxite has replaced all other raw materials as 
the source of aluminium ; it consists of hydrated alumina with 
silica and iron in var 3 dng proportions, but in the best deposits the 
alumina accounts for between 60 and 70 % of total. If this 
admixture were used in the furnaces — as it was in the early days 
of the industry — the product would be an alloy. In order to 
obtain metallic aluminium by the electrolytic processes of Heroult 
and Hall, it is first necessary to obtain, by purely chemical process, 
practically pure aluminium oxide or alumina AlgOg by separating 
it from the iron and silicon impurities. The metal is then obtained 
by the electrolysis of a solution of the pure alumina in fused fluor 
spar (calcium fluoride) and cryolite, which is a sodium-aluminium 
fluoride. An iron crucible lined with carbon (which must be of 
the purest) is used initially as a cathode, until the metallic 
aluminium produced sinks and acts as the cathode, with rods of 
carbon as the anode. Each crucible requires from 6 to 7 Y and 
the current may be as much as 10 000 A. As the metal is pro- 
duced it sinks to the bottom and is tapped off, the heat produced 
by the passing of the current being sufficient to keep the mass in 
a molten condition. At (the anode CO 2 is given off.^ A kW year 
produces about 800 to 860 lb. of aluminium (Table 97, VoL 2). 

976. Reduction of Iron Ore ; Refining Iron. — (1) Red'ijuctio'n, 
The modern blast furnace has a high thermal efficiency, as the 
waste gases from them can be, and generally are, utilised for steam 
generation or in gas engines, after being passed through a second 
time for reheating the mixture. Where the deposits of ore and coal 
(for coke) occur together, the method holds its own ; but where rich 
deposits of ore are far from coal supplies, and cheap power — especially 
water power — is at hand, the electric furnace has the advantage. 
Consequently, Great Britain is somewhat behind Scandinavia, Italy, 
Canada and California in this industry. The ease with which the 
temperature of the process can be exactly controlled, and the high 
quality of the pig iron are both factors favouring the electric process ; 
but price is the determining factor. Although developed later 
in point of time than the other ferro-industries, the electric 

*■ Useful inionnation on the subjeot ■will be found in articles in Engin>eAring for 
A-Ugust 16 and 23, 1918, as well as in many other papers. See also the * Re'view of 
Progress,’ Jour, Yol. 66, p. 537. 
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reduction of iron ore is now a commercial process ini places 
where power is sufficiently cheap. As is well known, the greater 
part of the fuel — two-thirds — used in a blast furnace is con- 
sumed merely in order to supply the necessary heat to the ore, 
the flux and the air in the blast; only a comparatively small 
amount is required for the reduction process itself. If there- 
fore the heat is supplied by means of electricity, at a rate 
sufficiently cheap, the use of the extra fuel, with its ash and other 
impurities, are avoided. Electric reduction is employed at the 
State-owned power station on the Trollhatten falls and elsewhere 
in Sweden ; at Sault Ste. Marie, Ontario ; at Heroult, California, 
and in Italy. In various other parts of the world the adoption of 
electric reduction probably only awaits a fuller investigation of 
water-power resources. At the present time single furnaces are 
working up to 8 000 H.P., and the limit of capacity is mainly 
a matter of the size of electrodes obtainable. In the smaller 
furnaces three electrodes were used, but now as many as twelve 
are employed by Electro- Metals, Ltd. The general arrangement 
of the electric furnace is not dissimilar to that of a blast furnace, 
but the shaft is not so high. Either coke or charcoal may be 
used as a reducing agent, and the design is different according* to 
which is available ; for the flux, limestone is used, and less is re- 
quired in the electric furnace than in the blast owing to the smaller 
amount of ash produced. It follows also that the waste gases 
have a higher calorific value than blast-furnace gases, the percentage 
of CO being greater. The gas is re-circulated through the mixture 
in order to re-heat it before its residue is drawn off for other 
purposes. The electric supply to a reduction furnace is 3-phase * 
current transformed down to a low pressure, capable of variation 
between 35 and 100 Y and subdivided at the transformer so as to 
give 3, 6 or 12 phases in effect according to the number of 
suspended electrodes. The power factor is from 0*92 to 0*95. 
The yield is from 3 up to 5 tons per kW year (according to the 
ore used) and the annual load factor is over 82 7o* From the 
amount of fuel saved it follows that the electrical furnace can 
compete on cost with a blast furnace when one H.P. year costs less 
than the 2 tons of fuel saved ; Mr. W. E. French * states that 
‘ comparative figures worked out on definite assumptions for both 

* * Electricity in Ferrous Metallurgy.’ The Times Trade and JSngvneering 
Supplement^ Nov. 19, 1932. 
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systems, irrespective of their metallurgical advantages and dis- 
advantages, show that the electric furnace can just compete with the 
blast furnace when 1920 kWh cost less than 0*7 ton of coke. 
Eurthermore, the pig iron contains less phosphorus and sulphur 
and is therefore of a higher quality. Among the furnaces used 
are theStassano (§ 640), the Keller, the Tinfos or Lorentzen, the 
Heroult (§ 640) and the Electro-Metals (§ 640).^ 

( 2 ) Befininrig . — The shortage of copper during the war caused 
attention to be given to other metals for use as conductors, and 
even insulated iron wire was extensively used. Iron is used to 
some extent in electro-typing (§ 994), where it is deposited from 
a strong solution of ferric chloride with sodium (or calcium) 
chloride. The electrolysis both for this and in other cases is 
carried out at a high temperature, in order to get pure ductile 
iron, and the process is used in the production of the metal for 
special purposes — including transformer cores. Pure iron elec- 
trodes are used, and very exact regulation of the acidity is necessary 
in order to avoid, on the one hand, brittle deposits, and on the 
other, basic precipitates. 

977 . Electric Steel from Arc Furnaces. — While fuel costs 
are the crux in electric smelting, this is not so with electric melting 
and mixing, as required in the manufacture of the highest grades 
of tool steels, etc. In the older but still generally used method of 
making ‘ crucible steel,’ high-grade raw material is used, and the 
product shows virtually an average analysis of what is charged 
into the crucible, simply, amalgamated with the minimum of 
chemical change. Electric furnaces of the types dealt with in this 
and subsequent paragraphs are largely replacing both the crucible 
and open hearth processes for tool steels and also alloys and stain- 
less steels (§ 979). The heating is capable of exact temperature 
regulation and is quite independent of the nature of the charge, 
and the metal bath can be left neutral or be made oxidising or re- 
ducing at will, according to requirements. Sometimes open-hearth 
steel is transferred directly into the electric furnace for finishing. 
During the war the electrical production of high-grade steel made 
great strides, because of the perfect control which is possible in the 
operation. As the whole of the heat required is supplied electrically. 


* * The Eleotrametallurgy of Iron,’ in the * Review of Progress,’ Jour. 
Vol. 66, p. 542. 
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the introd-uction of impurities due to fuel is avoided, and even low- 
grade raw materials can be worked up into higli-grade steel. For 
the most part the raw material used is scrap steel, from which the 
finest crucible steel is then produced ; but pig iron, run directly in 
from the reducing furnace, is also used to make steel of the open 
hearth variety. Single-phase, 2-phase and S-phase arc furnaces 
(as described and illustrated in Vol. 2, § 640) are variously 
employed, generally with electrically produced graphite electrodes 
(Yol. 2, § 641) which consume at the rate of about 22 lb. per ton 
of steel. The power required in the larger sizes varies from 150 
to 250 kYA per ton capacity, and the power factor varies between 
O’S and 0*9. The best-known types of arc furnace are illustrated 
in paragraph 640 (Yol. 2) as follows: Stassano (Fig. 224), 
Rennerfelt (Fig. 225), Booth (Fig. 226), Heroult (Fig. 22*7), Girod 
(Fig. 228), Electro-Metals (Fig. 229), Greaves-Etchells (Fig. 230), 
and Stobie (Fig. 231). The present sizes range from an output of 
one-half up to 15 tons of steel per heat, and the working period is 
from 4 to 8 hours per heat, the power consumption being from 
1 200 to 700 kWh per ton of steel, of which roughly half is saved 
when the charge is run in molten.* 

978. Electric Steel from Induction Furnaces. — (1) Low- 
freqw'ncy, — In the induction type of furnace (Yol. 2, § 639), due 
originally to Ferranti, the charge of raw material is arranged in a 
circular trough or a figure-of-eight which is made the closed 
secondary circuit of a transformer with a single turn only (Figs. 
217, 218, Yol. 2); thus the current in this coil of molten metal may 
he of the order of 20 000 to 30 000 A in a comparatively small 
furnace. There is an automatic circulation of the molten mass, due 
to the ordinary electro-magnetic tendency of the coil to enclose the 
maximum flux in spite of the gravitational endeavour to keep the 
surface flat ; and there is also a rotation around the ring following 
the magnetic field ; these effects ensure very thorough mixing of the 
charge and improve the quality of the product. A limit to the 
current which can be used is set by the pinch effect (§ 639, Vol. 2) 
due to the mutual attraction of neighbouring rings' of metal carrying 
the current in the same direction, although actually in contact ; if 
the distortion becomes great enough to break the circuit it may be 
difficult to restart it satisfactorily without much loss of time. Both 

* See also ‘The ElectrometaUurgy of Steel,’ Jour, I.E.E,, Yol. 66, p. 54:5> 
'where useful tables 's;vill he found. 
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single-phase and 3-phase induction furnaces, at 15 to 25 cycles, are 
in use, and the yield is similar to that of the arc furnace. The 
power factor is, of course, lower, namely, from 0*5 to 0*8 only. The 
best known types are the Ajax-Wyatt (Fig. 222, Yol. 2), the 
Kjellin and the Roechling-Rodenhauser (Pigs. 219, 220, VoL 2). 

(2) High-frequency . — Frequencies from 500 to 2 000 cycles 
per sec. are used in the high-frequency furnace, according to the 
design and the charge, motor-generators being used for the necessary 
conversion. Here again the product is the arithmetical sum of the 
materials in the charge, which cannot take up sulphur, as it does 
when coke is used, or carbon, as in an arc furnace. The eflSciency, 
for reasons stated below, is much higher than that of an arc furnace ; 
it is stated * that ' based upon the average rates for electric supplies 
in industrial districts, steel superior in quality to the best crucible 
steel is manufactured at approximately half the cost’. 

The Ajax-Northrup high-frequency induction furnace (Yol. 2, 
§ 639 and Fig. 223) is also used in the production of crucible tool 
steel, by Messrs. Edgar Allen & Co. of Sheffield.*}* This is said 
to be the ‘ first of its kind in the world to be used commercially 
for the manufacture of high quality tool steel.’ The capacity is 
459 lb. per filling, taking one hour ( = 20 tons a week), and the 
current consumption remarkably low, because the heat is generated 
exactly where it is wanted, inside the metal, and not outside as 
in the older crucible methods. In place of the secondary channel 
of the ordinary induction furnace, eddy currents are induced 
in the steel itself, before and during melting, in a centrally placed 
crucible, a helical inductor coil surrounding the furnace bath. The 
supply frequency is 2 200 cycles and the pressure is 1 200 Y ; for 
operating it a 150 kW motor-generator set is installed, running off 
the town mains at 230 Y, 50 cycles, 3 000 r.p.m. As the power 
factor of the furnace is very low, and varies with the temperature, 
a fixed and a variable (regulating) condenser are connected in 
parallel with the furnace coil. The eddy currents cause a very 
rapid rotation of the molten metal in the vertical plane, causing 
appreciable curvature on the surface. 

978A. Heat Treatment of Steels; Resistor Furnaces — 
The steels produced from the various types of electric furnace 


* W. B. Prenoh, loc, eit., § 976. 

iThe Times, Deo. 7, 1927; Bl. Bev., Vol. 101, p. 1029. 
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described, or from non-electrical types, often require subsequent 
heat treatment in order to obtain definite qualities in the finished 
product, such as hardness, annealing, temper or carburisation. 
For these purposes temperatures from 500° to 1 000 ° C. are required,^ 
and are obtained by external radiation from Resistor furnaces 
(see also § 636, Vol. II) instead of internally. The elements in 
this furnace consist of spirals of nickel-chrome wire, carried by 
special refractory supporting brickwork — like a large domestic fire. 
The brickwork is assembled inside sheet-steel casing and forms 
the inner radiating surface of the heating chamber of the furnace 
into which the charge is placed. In order to prevent heat losses 
by radiation to the exterior, the outer walls are well lagged with 
heat-insulating material, and the doors are designed to minimise 
the escape of heat. 

979. Ferro-Alloys and their Steels. — There are numerous 
alloys of both iron and steel with the rarer metals which impart 
special qualities. Steels which, in addition to carbon, have added 
to them a proportion of some other metal, or of more than one 
other metal, are classed as ternary or quaternary ferro-alloys ; 
there are many of these, and in each of them the proportion of 
added metal may he greatly varied in order to give alloys of widely 
differing properties. In the early experimental work the rare 
metal actually required was added in metallic form to the iron or 
steel ; but the high melting-point of most of these alloying metals 
created difficulties. The modern practice is to form ferro-alloys 
from iron and convenient compounds of the rarer metals, and very 
rich in those metals, and then to add the required amount of the 
alloy so made to the steel in order to obtain the desired percentage 
of the rarer metal. Care must therefore be taken to distinguish 
between the first rich product of iron alloy and the subsequent final 
alloy steel with only a small proportion of alloy. These alloys are 
produced both hy the ‘ Thermit ’ and blast-furnace processes — purely 
thermal — and in the electric furnace, the latter giving the more 
perfectly controlled results and the higher quality product. 

The production of a ferro-alloy with a low carbon content or a 
high percentage of the alloying element is limited in the blast 
furnace by three difficulties. First, the temperature is too low for 
the reduction of some of the oxides of the alloying metals, so that 


W. E. French, loc, cit, § 976. 
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only alloys of metals redueed at a comparatively low temperature 
or of low melting-point can be made ; secondly, it is difficult to 
obtain an alloy containing a high percentage of the alloying metal ; 
and, thirdly, it is impossible to produce a ferro-alloy low in carbon 
because of the great excess of carbon in the charge. 

The best-known ferro-alloys are enumerated below ; but new 
ones, or old ones in new proportions, are constantly being added to 
the already formidable list. The power consumption per ton, the 
power factor of the processes, the electrode consumption and similar 
working details vary considerably with the type of furnace used 
and its size ; generally the kWh / lb. figure is lower as the weight 
of charge increases. The data in Tables 214 and 215 are compiled 
from American sources.^ Presumably the short ton (2 000 lb.) is 
implied. 

Table 214 . — Power Gons'iimption and Raw Material for some 

Ferro-alloys, 


Per Ton of Manufactured Product. 


Product. 

kW-day 
(24 hours). 

Raw Material 
Handled. 
Tons. 

Tons Raw Material 
Handled per 
kW-year. 

B’erro-silicon, 60 

300 

3'0 

3*3 

80% . . 

650 

4-0 

2*0 

„ 10-12 7o - 

109 

1-55 

4*7 

„ 25-30 7, • 

172 

1-90 

3*65 

Feiro-chrome, 8 °y, . 

360 

4-0 

3*7 

Ferro-molybdenum . 

360 

3-5 

3*2 

Ferro-tungsten 

325 

3*0 

3*0 


(1) Ferro-Silicon . — ^With a low silicon content, up to 15 7o» 
ferro-silicon is a blast-furnace product ; above that percentage it is 
mostly made in the arc furnace. The carbon figure is generally 
low, since iron has a greater affinity for silicon than for carbon. 
Sulphur is generally low, owing to the process of manufacture, but 
phosphorus is not removed in the smelting operation. The charge 
consists of iron — often turnings — or steel, with quartz or sand and 
either charcoal, coal or coke. Iron ore may be used instead of 
W.I. turnings, but this increases the energy consumption; C.I. 
turnings and borings introduce phosphorus. For the higher grade 


Electrical Worlds July 24, 1920. 

748 



INDUSTRIAL PROCESSES 


§ 979 


Table 215. — Kilowatt-hours per Lb. for some Ferro-alloys. 


______ _ 







Product. 

Tons 

Charged. 

kW. 

Type. 

Kecovery. 

kWh per 
Lb. AUoy 
Tapped. 

fcW-day 
per Ton. 

perro-silicon, 50-70 - 

3-4 

1 000 

l-gb. 


2*5-3 

233-280 

Perro-manganese, 75-80 Mn 
perro-chrome, 60-65 Or, 

15 

1 200 

3-pli. 

1 

70-86 

2*2-3 

205-280 

4-6 "/oO . . . . 

13*15 

750 

3-ph. 

70-80 

3-4*5 

280-420 

Perro-tungsfeen, 70-75 W . 

Perro-molybdenum, 60-65 

0*75 

150 

1-ph. 

80-90 

/2*1 SmTt 
\1*7 Refn 

190-354 

158 

Mo, 15-20 % 0 . . 

— 

150 

l-pb. 

78-80 

7-7*5 

(per Ih. Mo) 

650-700 

Perro- vanadium, 80-35 % Va, 






3-4 7c Si* • * • 

Perro-uranium, 85-50 7o 

1 

150 

3-ph. 

75 av. 

3*4 

316 

3-4 7c G .... 

800 lb. 

76 

1-ph. 

76 

3*6 

325 


products (75 % Si and upwards) charcoal is used, with 80 re- 
duction. The silicon content varies from 10 to over 95 7o- The 
energy consumption is said to be — 


25 7o Si alloy, 1*8 kWh per lb. 

50 7, „ „ 3*6 „ 

75 7, „ „ 5*4 „ „ {of. Table 215). 

Electrode consumption is about 80 lb. per ton. The alloy is used 
especially as a reducing agent in the manufacture of steel and 
steel castings, when it passes into the slag ; but it is also used for 
adding silica to steel in the cupola, to the extent of 1 to 5 “/q. 
Hadfield’s silicon steel has a higher magnetic permeability than 
the purest iron, and is therefore much used in place of the latter 
where this property is of value. It is known that 30 to 70 
ferro-silicon is liable to disintegration, and, if damp, may produce 
poisonous gases due to the presence of CagP and Ca 02 . 

(2) Ferr 0 -Manganese. — This, in the lower grades, is still for 
the most part a iblast-furnace product, and the alloy is often present 
in the iron ore ; in the higher grades it is smelted from manganese 
ores or with manganese dioxide, with carbon (anthracite) as a re- 
ducing agent. In the high temperature of an arc furnace the 
manganese is apt to volatilise, and no open arc should be allowed 
to form ; the smelting zone should be entirely buried in the charge 
to prevent this. Ferro-manganese is now made successfully in re- 
sistance furnaces, and then contains much less carbon than the older 
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product. Tkis ferro-alloy is largely used for making silico-mansa 
neae {%nfra). It is also used for the deoxidation and recarturisation 
of ordinary Bessemer and open-hearth steel. The power consumn 
tion varies considerably with the furnace, but in a 1 000 kW unit it 
is about 7 000 kWh per long ton and, in a 3 OOO kW unit about 
4 000 kWh. In a 1 200 kW furnace in Colorado the actual’ figure 
was 6 500 kWh per long ton. Manganese steel is also made bv 
suitable addition of the alloy, and generally contains 12 or 13 “/ of 
manganese and 1^ to 2 % carbon. In these proportions it is 
extremely hard and yet not brittle, whereas with much less alloy 
it can be powdered under the hammer. ^ 


(3) Silico-manganese.—l!h.e: two alloys just dealt with are 
sometimes combined to form silieo-manganese (or ferro-manganese- 
silicon) in the electric furnace; but it is more economical to smelt 
manganese ores and quartz or else Rhodonite. The meltinv zone 
should be well covered with the charge. In a 3 000 kW furnace 
the consumption is 5 400 kWh per ton, and the electrode consump- 
tion IS high-up to 200 lb. per ton. The percentages of the added 
metals vary greatly, but the carbon content is always low. Apart 
from its use in deoxidising steel, the alloy is used for making 
manganese-silicon steel, for which purpose it is added just before 
tapping or even in the ladle. 


(4) Ferro-tnngsten.—Fov this alloy wolframite or other tung- 
sten ore or concentrate (60 7o) is added to the iron and reduced in 
the arc furnace ; and the product contains from 50 to 80 7 of 
tungsten. It is generally made in a small 150 kW single-electrode 
furnace, which is broken down to remove the smelted mass, which 
IS afterwards refined. An excess of carbon is used, to prevent loss 
of tungsten into the slag. The first smelt, with carbon and flux, 
gives a product containing 3 7^ of carbon ; this is then re-smelted 
with an oxidising slag to obtain a lower carbon alloy. The energy 
consumption is, for smelting, 3 kWh per lb. and, for refining, 2 to 
4 kWh. The alloy is used for making tvmgsten steels of the self- 
hardenmg class, as used for high-speed tools; and also armour 
plate and the hke. Tungsten steel also has special properties for 
making permanent magnets which are to be subjected to great 
heat, when it retains its magnetism better than plain carbon steel. 

(5) Ferro-chrome.— 'IMa aUoy is made by the reduction of 
chromite, winch is composed of oxides of chrome and iron with 
many impurities. The proportion of chrome in the initial alloy 
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varies greatly, but is generally over 50 and usually from 60 to 
05 °/^. The silicon and carbon content also are very variable, but 
the latter generally amounts to 5-10 7o- The energy consumption 
in the process is about 3 kWh per lb. The high-carbon ferro- 
chrome is decarburised and the finished product is added to steel to 
the extent required. Chrome steel used for armour plate and 
projectiles contains about 1-J 7o chromium, 7o iikkel and 0*25 7o 
carbon ; and the ferro-alloy added in the making contains a high 
percentage both of silica and carbon. High-speed tools and castings 
are also made from chrome steel, while ' stainless steel ’ is a homo- 
geneous ferro-chrome of low carbon content ; the popular idea that 
it is a form of case-hardened iron, and that stainless knives cannot 
be sharpened in the ordinary way, is of course erroneous. 

(6) Ferro-molybdenum . — This alloy is made in the resistance 
furnace from iron and the sulphide ore molybdenite, with from 50 
to 85 7o naolybdenum. The alloy is added in definite proportions 
to make molybdenum-steel in the electric steel furnace, where a 
smaller amount of it gives much the same properties as a larger 
amount of tungsten, A small percentage of this metal greatly 
increases the elongation and elastic limit of steel. Chrome is 
sometimes used in combination with molybdenum. 

(T ) Ferro-niekel . — Though usually made by the direct admixture 
of the metals in the crucible, ferro-nickel is also produced in the 
electric furnace. The ore is first roasted and then smelted in the 
furnace to give a pig iron containing 2 °f^ Ni and 0*4 7o Cu, from 
which nickel steel is then made by Bessemer process. It is valuable 
for use as resistance wire, owing to its non-rusting properties and 
freedom from corrosion generally. Mention may be made also of 
the series of nickel-iron alloys, with ± 5 7^ of copper and a little 
manganese, known as ' mumetal ’ ; these alloys, with a magnetic 
permeability of some T 000, are used for the conductors of sub- 
marine cables, giving a 7- or 8-fold increase in working speed. 
High-frequency melting (§ 978) was first used in Europe in this 
connection.^ 

(8) Ferro-aluminium , — This alloy, containing from 5 to 20 7o 
of aluminium, is made by plain mixing and melting in the electric 
furnace. Like so many of the others, it is used in deoxidising 
steel. 


Carpenter, Froc. Inst, C.E., YoL 224, p. 
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(9) Ferro-horoTh . — This is made by the reduction in an electric 
furnace of colemanite and iron, with carbon, and contains about 
10 7o of boron. The alloy is mostly used for desulphurising and 
deoxidising steel ; but tempered horon steel itself, with J 7 of 
boron, has great tensile strength and resistance to shock. 

(10) Ferro'phosphorus , — Considering the trouble that the 
elimination of phosphorus causes in ferro -metallurgy, it seems 
strange that it should be deliberately introduced ; but this alloy is 
made from apatite, in the electric furnace, and when added to steel 
in the correct proportions gives it good rolling properties for making 
tin-plates, 

(11) Ferro-Vancodium , — This is used in the production of 
vanadium steels, and is made by reducing vanadium oxide with 
silicon. The crude product contains from 30 to 35 7o of vanadium 
and from 3 to 6 7o o>f silicon ; on refining, the silicon content is 
lowered to 1 7o ^^id the carbon to 0*5 7o‘ 

(12) Ferro-Urconium . — This is used for increasing the hardness 
and toughness of steel. The proportions vary from 25 to 50 of 
uranium; from 1-5 to 4*5 7o carbon; and from 1 to 4 7° of 
silicon. For the high-carbon product small electric carbon-lined 
furnaces are used, with two electrodes, and a consumption of 600 
to 750 A at 60 to 90 Y. The recovery is 85 7o energy 
consumption of 6 kVh per lb. 

The low-earbon product, with about 2 7o carbon, uses a car- 
borundum-lined furnace with water-cooled hearth and requires 
from 3 to 4 kWh per Ih. 

(13) Ferro-TitaTiium . — This is employed to remove both 
oxygen and nitrogen from steels ; the composition varies consider- 
ably, high-carbon alloys containing from 15 to 18 7^ of titanium, 
while the carbon-free alloy is made by the Thermit process. Tita- 
niferous ores are reduced in the electric furnace or with aluminium, 
as the case may be. Titanium oxide in the steel, in the form of 
small particles, is objectionable; so silico-titanium is generally used, 
as the oxide is more fusible in the presence of silicon. 

(14) Other Ferro-alloys . — Smaller amounts oi fe'rro-s^irconi'H'm 
and ferro-tantaliom are also made in the electric furnace, as well 
as an ever-increasing list of new binar 5 ^, tertiary and multiple steels 
from combinations of those ferro-alloys dealt with above with suit- 
able steels. The field for many of these is enormous when the 
price becomes lower. 
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980. Sodium and Allied Metals. — The metals sodium, potas- 
sium, calcium and magnesium are all now produced electrolytically 
from their fused salts, in the electric furnace, somewhat after the 
manner of aluminium. 

(1) Sodium and Potassium , — Sodium is obtained by electrolysis 

of fused sodium hydrate, with carbon anodes and iron cathodes 
(Castner and others) ; of a fused mixture of sodium hydroxide and 
carbonate (Becker) ; of fused sodium nitrate (Darling) ; and of fused 
sodium chloride (Ashcroft). The metal rises in globules to the 
surface, and is removed thence as it forms. The current efficiency 
is about 45 7o water formed at the anode during the 

process combines with some of the metal ; and even this figure falls 
unless the temperature is kept as low as practicable. The cells 
take about 500 A at 4J- Y, as against a decomposition voltage of 
2'2 Y; so the energy efficiency is only 22 7o* 

Potassium also was first isolated, along with sodium, by these 
means, by Sir Humphry Davy in 1807 ; but the demand for it is 
small. A kW-year produces about 1 600 lb. of sodium or 2 500 lb. 
of potassium. The latter metal is, however, still mostly produced 
by distilling potassium carbonate and charcoal. 

(2) Calcium . — Although of no economic importance as yet, 
calcium has for some time been produced by electrolysis of fused 
calcium chloride with graphite electrodes, at about the fusing 
temperature of the metal (800° 0.). An interesting feature of this 
process is the method of collecting the metal, which tends either to 
dissolve in the electrolyte or, if the temperature is too low, to 
assume the useless spongy form. The cathode is placed above and 
just touching the electrolyte, and a button of the metal then forms 
on the tip of it ; by gradually raising the electrode an irregular rod 
is produced. A kW-year gives about 450 to 500 lb. of calcium. 
The voltage efficiency is exceptionally low, and the energy efficiency 
onlj about 10 %. 

Barium and Cerium may also be mentioned as similarly isolated. 

(3) Magnesium . — Metallic magnesium is produced by the elec- 
trolysis of fused magnesium chloride or, preferably and more often, 
fused carnallite, which contains both potassium and magnesium 
chlorides, with flluorspar (calcium fluoride) added to assist the globules 
of magnesium to coalesce. Chlorine is produced at the anode. An 
iron vessel is used as cathode, with graphite anode, the- two being 
separated by a diaphragm in order to prevent the metal reaching 
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the anode. The current efficiency is 75 % and the pressure 6 T 
per cell as against 3-2 V theoretical, giving an energy efficiency of 
40 %. A kW-year produces from 1 100 to 1 400 lb. of magnesimn. 

C. Miscellaneous Fturnace Products. 

981. Abrasives; Silicon and Quartz GIass.~The accidental 
discovery, and exploitation of carborundum, rivalling the diamond 
in hardness, and first produced by the Acheson process at Niagara 
■Falls * at the end of the nineteenth century, has revolutionised the 
abrasive industry; especially is this so in the matter of grinding 
■wheels, from the largest sizes down to dental wheels no larger than 
a threepenny hit. The raw material is silicon carbide, produced 
from quartz sand, together with carbon, in the form of ’anthracite 
or coke, combined by the intense heat of a resistance furnace, accord- 
ing to the chemical reaction 

SiOa -f 30 = CSi -f 200. 

The actual charge is placed around a core of carbon in the form of 
granular coke, used as the initial heating resistance, and, in addition 
to the material required for the reaction, sawdust and salt are added 
in appreciable quantities ; the gases given off from the former assist 
the CO to escape by making the mass porous, while the salt forms 
volatile chlorides of iron, aluminium and other metals accidentally 
present. Banks of several furnaces are used in rotation, as the 
operation of building up the initial charge and dismantling the final 
product take some time. Towards the end of a charge, as the 
resistance drops, very heavy currents, up to 20 000 amps. AC., 
are used; the pressure dropping from over 200 down to 75 Y. 
Each charge requires about 1^ days in the 2 000 to 3 000 kV size 
of furnace. The carborundum is obtained in the form of dark 
purple crystals for the most part, though the colour is due to 
f^P^^ities- The yield is about one ton per k'W^-year, 

Chemically allied products of the electric furnace are siloxicon 
(used as a refractory lining for furnaces) and silundum, while from 
alumina (in place of silica) is obtained the abrasive alundum 
(artificial corundum or emery Al^Oj) and als6 aloxite. 


ti. 1 Authors (Mr. Meares) visited these works in January, 1896, and saw 

action. In the first of the many hydro-electric power-houses close 
, by three large generating sets were erected and working. A few weeks later a photo- 
^ graph of the interior of this station appeared in an electrical paper, showing sets 
m posi on , a triumph either of American engineers or — the photographer. 
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Quartz is also worked Tip in the furnace for the production of 
pure silicon, required in steel manufacture, as well as in various 
other industrial processes. In the Bottomley furnace a graphite 
resistor rod is buried in sand in. a mould, and the current through 
it is gradually increased from 300 to 1 500 A at 30 to 4*0 V. 
Between 1 650° and 1 750® C. the sand becomes pasty nest to the 
resistor and forms a gas-tight sheath round it, which is then blown 
out to the mould by the pressure of the carbon monoxide gas 
generated in the process. The surplus sand escapes through a 
grid. The process occupies from 1 to l-J hr. and uses about 1 500 
kWh per ton of fused silica produced. The use of quartz glass in the 
form of sheets, tubes, containers for mercury-vapour lamps, laboratory 
vessels and fine threads for suspensions is becoming increasingly im- 
portant i it is made in the electric furnace as well as by the oxy- 
hydrogen jet. Other special glasses are similarly made in these 
furnaces. So also is fused crystalline magnesia, where 900 kW 
produce half a ton in 8 hrs., equivalent to 14 400 kWh per ton. 

982. Graphite- — The process for the production of the allotropic 
form of carbon known as graphite was an accidental discovery in 
the carborundum furnace of Acheson, subsequently developed on a 
large scale by itself. The raw material is generally anthracite, but 
for special purposes the carbon residue of petroleum is used. The 
carbon is boated in an electric resistance furnace, similar to that 
employed for carborundum manufacture, along with the oxides of 
silicon, barium, iron, or. aluminium. The latter appear to act in a 
catalytic capacity, though it is possible that an unstable carbide 
is formed and then broken up. The yield of graphite is about 
5 500 to 5 700 lb. per kW-year, Carbon electrodes (§ 641, 
Vol. 2) can in a similar manner be graphitised, for purposes where 
they are more suitable in this form. 

983. Distillation Products- — ( 1 ) Phosphorus . — Experimental 
work on a technical scale for the production of phosphorus, by 
distillation in an arc furnace, was carried out 33 years ago ; and 
the bulk of the substance is at present so made.* There are several 

* The original process of Albright and Wilson at Oldbury was kept rigidly 
secret. One of the authors (Mr. Meares) was in another section of the works, 
dealing with contractor’s plant for electrolytic bleach, and only once managed to 
enter the furnace room in the dead of night. Strenuous endeavours were made by 
outsiders to obtain information and samples of the mixture used, culminating in 
the discovery of a foreigner, with a pair of binoculars, hiding in a slag heap I 
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different processes, in which the raw materials calcium phospxiaiB 
(bone ash) or phosphoric acid are reduced with carbon (generally 
charcoal) and, in the case of the former salt, silica also. The high 
temperature required, some 1 400° C., is supplied by an arc between 
very large carbon electrodes ; and the vaporised phosphorus, pro- 
tected from oxidation by a suitable gas, is distilled over and con- 
densed in water or carbon monoxide. The yield by the Readman- 
Parker process is about 1 600 lb. per kW-year. 

In connection with the production of phosphoric fertilisers 
referred to in 973 yellow phosphorus is made in the electric 

furnace and then oxidised to phosphoric acid before being combined 
with the other ingredients. 

(2) Carbon Bisulphide , — This is made from sulphur and 
charcoal, by the Taylor process, and its use in the artificial silk 
industry makes it of industrial importance. The furnace has 
electrodes at the base, connected electrically by coke; the upper 
part is packed with charcoal ; and sulphur is placed in an annular 
chamber surrounding the base. The sulphur is vaporised and 
combines with the heated charcoal as it rises ; the carbon bisulphide 
vapour is then led out to condensers. The yield per kW^-year is 
about 7-J- tons. 

(3) Garlon Tetra-chloride , — This is distilled and condensed in 
a manner very similar to that last described. The raw materials 
are common salt, coke, and quartz sand. The secondary product 
is water-glass (silicate of sodium). 

ELECTROLVriC PROCESSES NOT INVOLVING FURNACES. 

984- Electrolysis of Brine. — Common salt (sodium chloride) 
and potassium chloride, dissolved in water, are the raw materials 
for a host of valuable electrolytic processes requiring much power, 
which it is impossible fully to describe here.^ The chief products 

* In th.e early e3cperimentail days mucla difficulty was experienced in designing 
heavy current dynamos that would stand up to the work. One of the authors (Mr. 
Meares) was in charge of such plant at Oldbury, the dynamos being double-wound 
parallel-coupled. These developed serious ‘ flats ’ from sparking at the commutator, 
which had constantly to he ground down. In the course of investigation a peculiar 
phenomenon was noticed. Of the two pairs of alternate ■+ and — carbon brash^, 
one set could be lifted safely. If, however, these were dropped, and the other pair 
raised slightly, sparking began after a few seconds ; this rapidly increased until, after 
about 30 secs., there was a roaring flash-over, which was instantly checked by 
remaining brushes. All the pundits of design in turn, after expressing 
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and bye-products obtained, according to the type of cell used, are — 

(1) Caustic soda (or potash), with chlorine gas and 

hydrogen as bye-products. 

(2) Hypochlorite of sodium (or potassium), 

Chlorate „ „ 

Perchlorate „ „ 

The first results are obtained when the cathode and anode products 
of the electrolytic action are allowed to mix and react on one 
another; when the initial products are kept separate, the final 
product is one of class (2). 

The chlorates and perchlorates are mainly used for the manu- 
facture of explosives, while the hypochlorites are known as 
'electrolytic bleach.’ The caustic alkalis have innumerable uses, 
in the chemical world and the chlorine gas is either liquefied or 
used for bleaching powder. The yields per kW year are of the 
following order : — 

Hypochlorides and chlorates about ton. 

Caustic soda from 3 to 4 tons. 

(1) Caustic Alkali . — As stated above, the primary substance 
obtained is always caustic alkali (Na or K) with chlorine, and in 
the alkali-chlorine cell these are not allowed to mix. Yarious 
types of cell are found. Those of Castner and of Kellner employ 
mercury cathodes, which form a dilute amalgam with the sodium 
(or potassium) as it is liberated. The anodes are of platinum or 
graphite; the pressure is about 4|- V per cell; and the current 
efficiency is 90 to 95 %• Other types are the Jaice, Solvay, and 
Wilderman cells. There are also a number of so-called ‘ counter- 
current cells/ in which a treated asbestos diaphragm plays an 
important part ; these comprise the Billiter-Siemens, Hargreaves- 
Bird, Townsend, Kelson, and other cells. An iron cathode is used, 
with graphite anodes. Finally there are counter-current cells 
with no diaphragm, such as the Aussig and Billiter bell-jar cells, 

complete disbeEef in the report sent in, came down and saw for themselves ; but 
none could explain, and the machines went to the scrap heap. It was found, 
however, that very large circulating currents were present in the brush leads, and 
the time taken to work up to a crisis showed that an abnormal magnetic field was 
being built up in the process. The other author (Mr. ITeale) had a similar experi- 
ence in a plant using a 12-V dynamo rated at 2 000 A for electroplating. It was 
found impossible to operate with the two commutators in service, but the machine 
could be used to generate 1 000 to 1 200 A taken from one commutator. 
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A recent advance is the Vorce cell,^ installed at Charleston, Ya 
It is 26 ins. diam. and 42 ins. high, with a cathode pot 22 ins 
diam. and a steel container tank 38 ins. high. There are 24 
Acheson graphite anodes 2 ins. square, which last about a year. 
Brine is fed to the cell from a tank under a head of 14 ins. 
controlled by a special glass device modified from that of Prichard. 
Caustic liquor discharges from the cathode pot through a device 
which breaks it up into small drops, and it is then conveyed to the 
evaporator. The chlorine is withdrawn through the dome, and 
after cooling and drying, part is used for chlorine products and the 
remainder is liquefied. Hydrogen from the cell is used in chemical 
manufacture. The cells are arranged in 32 series of 70 cells each, 
operated at 1 000 A and 250 V for each series. The production 
is 0-859 lb. caustic and 0*793 lb. chlorine per kWh. 

(2) {a) Hypoohlorates . — In the hypochlorate cell there is no 
diaphragm or other device for keeping the chlorine and the alkali 
separate, and they combine as they are formed. In the Kellner cell, 
platinum -iridium bi-polar electrodes (§ 970) are used, and the brine 
circulates through the cell. In the Haas-CEttel cell carbon electrodes 
are employed. 

(b) Ghlorchtes . — In somewhat similar manner the chlorates can 
be obtained, either from an acid or an alkaline electrolyte of brine 
to which potassium chromate is added. Currents of the order of 
1 000 to 1 500 A are used, with platinum-iridium anodes and 
graphite or iron cathodes. The pressure per cell is to 5 V and 
a ton of chlorate of potash requires 7 300 kWh. 

(c) Perchlorates . — Further electrolysis of an electrolyte, already 
converted to chlorate, with a high current density and low tempera- 
ture, will give the corresponding perchlorate. Smooth platinum 
anodes and iron cathodes are used ; the pressure is 6 Y per cell ; 
and about 1 J kWh are required for a pound of the product. 

985. Manufacture of Hydrog*en and Oxygen; Ozone; 
Water Gas. — For the most part the industrial demand for hydro- 
gen and oxygen is met hy non-electrical processes, but the electrolysis 
of acid or alkaline water is nevertheless of considerable importance. 
It occurs incidentally as part of the process of manufacturing elec- 
trolytic caustic soda, where the gases are collected as a bye-product. 
In other cases, where cheap power is available, the process is under- 


' El Rev., Yol. 102, p. 764. 
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taken by itself.^ The market for electrolytic hydrogen much exceeds 
that for oxygen, with the result that large quantities of the latter 
are wasted. The demand has been intensified foi' processes for 
hydrogenating oils in soap and allied trades (margarine, etc,). In 
these, absolute purity and uniformity are essential, and the non- 
electrical processes used for obtaining the gas for S 37 nthetic ammonia, 
etc., are unsuitable as they lack these properties. Palladium pumice, 
preheated — in an electrical furnace in the Siemens-Schukert process, 
but later by the outgoing gases — has been used for the purification 
of the gas. Pure water alone has practically no conducting power, 
so it is made conducting either by means of sulphuric acid, or sodium 
or potassium hydrate ; these take part in the reaction but remain 
unaltered in solution. In the former case lead vessels and electrodes 
are used ; in the latter, iron. Oxygen is liberated at the anode or 
positive pole and hydrogen at the cathode. Woven asbestos dia- 
phragms between the electrodes are employed to keep the gases 
from mingling. In the Knowles cell the gases are washed by the 
fresh distilled water used for make-up in the cells ; this removes 
the alkaline spray and returns it to the cells. The P.D. over each 
cell is from 2 -J to 3 Y in alkaline cells and from 3 to 4 Y in the 
acid type. The output of gases is proportional to the current, which 
produces them with 100 efficiency, though the power efiS.ciency is 
less as the working pressure is about double the theoretical {mz, 
1*23 Y) owing to the resistance of the electrolyte and the back 
E.M.F, of the cell regarded as a gas secondary battery. The yield 
of the two gases together is from 50 000 to 75 000 cu. ft. per 
kW year. 

In the early Schoop electrolyser (acid type) the production is 
1 000 cu. ft. of hydrogen and 500 cu. ft, of oxygen for 230 kWh ; 
with the alkaline cells of Knowles, Garuti, Schukert, and Schmidt- 
Oerlikon the consumption of energy is from 125 to 140 kWh for 
the same quantities of the gases ; that of the International Oxygen 
Co. gives even better results, the consumption being only 125 kWh 
for these quantities ; this is due to the use of corrugated bi-polar 
electrodes (§ 970), the anode being nickel plated.f 


* TJsefiil data concerning th.e electrolytic manufacture of hydrogen and oxygen, 
together with notes on factors mfluenoing the choice of process are to he found in 
‘ The Application of Oxygen and Hydrogen to Industrial Operations,’ by !F. P. 
Wilson, Jr., Gen, Bl, Bev., YoL 31, p. 197. 

t Purther information will he found in the Jour, Vol 66, p. 648. 
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In the manufacture of electrolytic alkali (§ 984) chlorine and 
hydrogen are given off at the anode and cathode respectively and 
are similarly collected separately. A further industrial prociLs in 
which hydrogen is obtained electrically is by the decomposition of 
acetylene into carbon and hydrogen. 

Peroxide of Hydrogen may also be mentioned here as an allied 
product, also produced electrolytically. 

Ozone . — The demand for ozone for medical, bacteriological, and 
sanitary purposes has caused a number of processes to be devised for 
its production from dry oxygen, or simply from air, by passing it 
through an ozonizer in which a silent high-tension discharge is 
maintained. Pressures up to 100 000 V and ordinary frequencies 
up to 100 cycles are used. The efficiency of all the processes is very 
low, namely, from 4 to 12 %, and from 40 to 150 gms. are produced 
per kWh. The Ozonair system may be mentioned as one of the 
least inefficient. 

Water Goss.— -The ordinary method of preparing water gas 
(a mixture of carbon monoxide and hydrogen) is by passing steam 
through incandescent carbon— generally coke. This may be main- 
tained at working temperature by using it as a resistor in an elec- 
tric furnace. In some plants wet peat is fed on to the surface of 
the heated coke bed, thus dispensing with the necessity of an inde- 
pendent steam supply. The gases and moisture from the peat are 
then dissociated by the incandescent coke to water gas, while the 
carbon residue of the peat in its turn becomes incandescent. 

986. Other Technical Chemicals.— These need not detain us 
long, as the production is not on a scale requiring much power, 

(1) PermaTiganate of Po^as^.— Electrolytic oxidation of potas- 
sium manganate has now taken the place of older methods in pre- 
paring the permanganate. Caustic potash is added to the electrolyte, 
which requires about 3 V for decomposition, using iron anodes and 
cathodes. The^ current efficiency is low, under ro and about 
3 lb. per kWh is the yield. The sodium salt (Condy’s fluid) is ob- 
tained similarly from the manganate. 

(2) AnthriLq'UjinoThe , — This substance, used in the preparation 
of alizarine for dyeing, is produced electrolytically in conjunction 
with anthracine and chromic acid, with a high current efficiency 
and a pressure of 3 T per cell. Lead electrodes, separated by a 
diaphragm, are used. 

(S) Per sulphates. — Ammonium and potassium persulphates are 
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prepared by the electrolytic oxidation of the corresponding sulphates, 
with a platinum anode and lead cathode. A current efficiency of 
70 7ois obtained, with a pressure of 7 V per cell. The yield is 
about 1 lb. per kWh for ammouium and less for potassium. 

(4) Perborate of Sodium. — This, which is used in bleaching, is 
prepared by electrolysis of a mixture of borax and sodium carbonate 
with, a trace of chromate of soda, the pressure being 6 Y per cell 
Platinum gauze anodes and tin or aluminium cathodes are used. 

(5) Iodoform. — To produce iodoform an electrolyte of sodium 
iodide, sodium carbonate, and alcohol is electrolysed between a 
platinum anode and a lead cathode, separated by a diaphragm. 
The pressure required is from 2 to 2-|- V per cell, and the current 
efficieincy about 90 7o* Bromoform is similarly prepared. 

(6) Miscellaneom. — Bare mention must suffice of various 
nitrites, of sulphuric acid, hydroxylamine, cyanides, cuprous oxide, 
hydrazine, hydrazoic acid, and chromous salts — all of which have 
been the subjects of research and some of technical success by 
means of electrolysis. 

987. Extraction and Refining of Copper. — (1) Extraotiou, 
— .Although the use of electrolytic copper for electrical work is 
universal, the refining of the raw metal long preceded its electrical 
extraction from the ore ; indeed at the present day purely metal- 
lurgical methods account for most of the commercial copper 
produced. Many processes for wet electrolytic extraction have 
been devised in the laboratory, but very few have proved com- 
mercially practicable. Impurities in, and irregular composition 
of, the ore, and therefore also of the electrolyte, are the chief 
causes of the technical difficulties met with. In the processes still 
alive, the ore is first roasted and lixiviated with sulphuric acid ; 
and the solution is then electrolysed, using anodes of lead or 
magnetite and cathodes of copper, with a diaphragm protecting 
the anode. A pressure of about 2^ V per cell is required; current 
density 12 to 20 A per sq. in. ; and a yield of 1 ton is obtained 
for 2 200 kWh. The acid remaining in the bath is used over 
again. 

(2) Refining. — The purest copper obtainable by the earlier 
metallurgical methods of refining contained from 1 to 2 of 
impurities, including appreciable quantities of the precious metals. 
Mot only were these lost, hut the conductivity is seriously diminished 
by any admixture ; with the result that the present-day electrolytic 
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copper has a higher conductivity by about 3 °/^ than Dr. Matthies- 
sen’s standard of what was believed to be pure copper about the 
year 1864. As already mentioned above, processes have been 
tried for obtaining pure copper electrolytically direct from the 
ore; but all copper now used for electrical purposes is obtained by 
the eleetrodeposition of commercial copper on to a cathode consist- 
ing of a sheet or tube of previously refined copper. Ordinary 
commercial copper rods are used as the anode, in a solution of 
sulphate of copper (12 to 20 7o)» 4 7o more of free 

sulphuric acid added and a small amount of hydrochloric acid. 
The current density varies between the very wide limits of 4 to 
over 40 A per sq. ft. of the cathode surface. With high densities 
the yield is greater but the deposited metal is less adherent and 
may even be spongy. The pressure employed is from 0*2 to 0*3 V 
per cell. The ‘impurities ’ fall to the bottom of the cell as anode 
mud, from which the precious metals are subsequently extracted ; 
the value of these is one of the chief economic factors in the 
process. The final product is practically pure, viz. 99*95 7o- To 
produce a ton of electrolytic copper requires the expenditure of 
from 150 kWh to 300 kWh — according to the system used. At 
the other end of the scale the process is utilised (as a cheap sub- 
stitute for silver) in the calibration of current measuring instru- 
ments and as a coulometer. 

Elderly readers of the EleGbrical Review will recollect the 
long series of articles in that paper on the subject of the ‘ Elmore 
patents,’ about the year 1891, the criticism being directed on the 
financial rather than on the technical merits of the processes. In 
these a revolving tubular mandrel is used as cathode, and on this 
electrolytic copper is deposited by the method described above, and 
burnished simultaneously. Later improvements of the process are 
in use at the present day, and in Trance a similar method has 
been used for the electrolytic production of iron tubes also. 

988. Extraction and Refining of Gold. — (1) Eoctraotion . — 
Although purely metallurgical means are for the most part 
employed in the extraction of gold from its ores, the electro- 
chlorination process of Greenawalt has been used to some extent 
A liquid, electrolytically produced from a solution of salt and sodium 
bromide, and therefore containing free active chlorine and bromine, 
is run through the roasted and crushed ore. The solution thus 
obtained is electrolysed between lead electrodes, arranged in a long 
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series, so that the liquid has to travel slowly through a long 
and tortuous path. In this way the gold (with any silver present) 
is collected at the cathodes in the form of a fine Hack colloidal 
powder. After recovering the silver, the gold goes to the crucihle. 

Electricity is also used, as an alternative to the ordinary zinc 
recovery process, in the treatment of the residues and slimes of 
the ' cyanide process,’ which is used in connection with, and follow- 
ing, the amalgamation process of treating low grade ores. The 
electrolyte is a very weak solution of cyanide of gold. Here again, 
in the Siemens-Halske process, the electrolyte is made to travel 
over a very long path between multiple sets of paralleled iron 
anodes and lead cathodes, each wrapped up in bags. Prussian 
blue forms on the anode and the gold deposits on the lead 
cathode and is subsequently recovered in the crucible. The 
pressure required is from 4 to 5 Y and the current efficiency 
is very low. 

(2) Refining . — Before refining, gold bullion is associated with 
varying proportions of silver, copper, platinum, palladium and lead, 
the gold generally accounting for about 94 7o- is cast into thin 
slabs, which become the anodes, while pure gold foil constitutes the 
cathodes; both are mult ipl 3 and parallel (Fig. 413). The electro- 
lyte is chloride of gold with free hydrochloric acid added. The 
reactions are very variable, depending upon temperature, current 
density and other factors such as polarisation at the cathode. Of 
the other metals present, the silver is precipitated as chloride and 
the lead as sulphate, by the addition of sulphuric acid. Copper, 
platinum, and palladium accumulate in the electrolyte, while 
chloride of gold has to be added to it from time to time. 

989. Extraction and Refining of Silver. — (1) Extraction . — 
As in the case of copper (§ 987), the electrolyte extraction of silver 
from its ores offers many technical difficulties, and has made even 
less progress. A commercially successful process has a large field 
open to it, for there are large areas containing silver ores (generally 
STolphides, which are the most difficult to reduce)* in the neighbour- 
hood of easily developed water power, in many parts of the world. 


Flotation concentration in various forms is employed in the treatment of these 
ores, electricity being used for the work. The mmerals-separation machine has a 
capacity of 1 J tons per sq. ft. of area per day, including the agitation compartments, 
and consumes some 4=^ kWh per ton of ore. Oai^enter, Proc. Inst. C.U., Yol. 224, 
p. 298, 
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At the Burma Mines the Mansan falls are developed and used for 
power, but not, so far as the Authors know, for the electrolytic 
extraction of the silver, lead, zinc, and copper produced. The 
silver mines in what is known in the vernacular as the ' rupee 
land ’ of Kulu, in northern India, overlook a perennial hill-stream 
of large volume ; hut the 7 have long been abandoned because the 
cost of transporting the ore from this remote valley to where it 
could be smelted exceeded the value of the metal recovered.* 

(2) Befining, — Silver refining by electricity is commonly 
practised. The methods employed vary according to the constitution 
of the raw material ; whether the crude silver from the better class 
ores; the silver residue from lead ore; the slimes from copper 
refining; bullion; or old silver-plated articles. The anodes (of 
this very variable composition) are cast and placed in cells with 
nitric acid and nitrates and electrolysed. The greater part of the 
mixed bag dissolves, the balance going into the slimes, where most 
of the precious metals congregate. The cathodes, on which the 
silver is deposited, are of fine silver foil. A pressure of 1-J Y per 
cell is required, and a current efficiency of about 95 7o is obtained; 
the yield of practically pure silver being one ton to 420 kWh in 
the Moebius process and somewhat less in the Balbach-Thum 
process. There is generally some gold present in the anodes, some- 
times also platinum, tellurium and other rare metals ; copper, tin, 
antimony, bismuth, zinc, iron and cadmium have also to be coped 
with. Consequently the slimes and the electrolyte require further 
treatment for the extraction of such of these metals as are worth 
the expense. Bismuth, antimony and cadium are all refined 
electrolytically, as well as metallurgically. 

990. Extraction and Refining; of Nickel. — The manufacture 
of ferro-nickel, for use in nickel-steels, has already been referred to 
in I 979. In addition there are a number of 'wet’ processes of 
electro -deposition, either (a) from a solution of the chlorides of 
nickel, calcium, and copper, or, (5) from the sulphate of nickel. 
Among the former are the Thum, Orford, Browne and Hoepfner, 
with a yield of 1 ton for 2 500 to 4 000 kWh ; the Hyhinette 
process comes in the second category. All are complicated hy the 
varying composition of the raw material, which contains many other 

* The ‘ oldest inhaiMtant,’ who took Mr. Meares over the workings, assured hiTn 
that hears and hats were the only creatures inside ; but the ore seemed too good to lie 
there. 
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elements. Platinum and palladium are recovered from the slimes, 
and are of economic importance to the process. Copper, iron and 
cobalt are also generally present and cause much difficulty; the 
copper is more often electrolytically separated in a preliminary 
operation, using copper cathodes and carbon anodes, Tvhile the iron 
and remaining traces of copper are removed chemically; subse- 
quently the nickel is deposited on pure nickel cathodes, using 
graphite anodes. 

991. Zinc Extraction. — As in the ease of nickel, electrolytic 
processes are in use for the extraction of zinc both from chloride 
and sulphate solutions of the ores, requiring respectively 3 000 and 
5 000 kWh per ton of yield ; but non-eleetrieal methods are still 
the main source of spelter. The purification of the metal is carried 
out hy distillation, with which no other can compete. Electrical 
‘ wet galvanising ’ is to some extent replacing the older method of 
the molten bath ; vide § 994 {g). Although the metal is so exten- 
sively used, there is vastly more raw material readily available 
than can be economically utilised, in the form of tailings from the 
complex lead-zinc-silver-bismuth-antimony ores of Australia and 
Burma ; ^ and sooner or later these will certainly come into their 
own. Aluminium is sometimes used as a cathode in the process. 

992. Lead Refining. — There are electrolytic processes, for the 
extraction of lead from its ore, but they do not compete economi- 
cally with the ordinary smelting methods. Electrolysis is, however, 
used in competition with older methods in refining the metal and 
recovering the silver residue, the bismuth and the antimony with 
which it is generally associated. The Betts process is the hest 
known and employs an electrolyte of lead fiuosilicate with excess 
of the corresponding hydro-fluoric acid. Electrically deposited lead 
anodes and cathodes are used ; the pressure rises from 0*25 to 0*4 V 

*Tlie tailings of the Burma Mines constitute a romance in metallurgy. These 
mines were worked by the Chinese for centuries in the dim past, and abandoned 
when the inroad of water could no longer be coped with by the primitive bamboo 
pumps then made. Only the first runnings of the lead, which carry most of the 
silver (a fact made use of in the Pattinson and other modem processes) were 
obtained by charcoal smelting ; and vast heaps of rich lead-zinc tailings accumulated. 
When the mines were accidentally rediscovered not long ago they were properly 
developed on modem lines, including hydroelectric power. The old Chinese tailings 
were worked through again for lead and the balance of the silver, along with some 
of the minor products, but the zinc remains in the new tailings for future extraction — 
probably by electrolysis — ^when the market for spelter becomes more favourable. 
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as the anodes dissolve, and a yield of 1 ton (practically 100 pure) 
requires only 100 kWh, the current efficiency being 90 7 . The 
slimes retain all the above foreign matters, except zinc and iron, and 
they are separately recovered. 

Electrolytic methods of preparing white lead are also used ; as 
also various other pigments, e,g. chrome yellow. 

993* Tin Recovery. — The extraction and refining of tin by the 
old metallurgical methods meets with no competition; but the 
recovery of the metal from tin-plate (i.e. tinned steel) in the form 
of old tins and scrap is carried out electrolytically. The scrap has 
first to be cleaned and freed from grease and solder. There are 
processes employing hydrochloric or sulphuric acid, ferric chloride 
and tannic chloride as solvents. The Goldschmidt process uses the 
scrap as the anode, in a solution of caustic soda, and deposits the tin 
on an iron cathode. The pressure per cell is 1^ to 2 V. The last 
traces of the tin, where it is alloyed to the steel, remain behind. 

994 . Electroplating and Electrotyping. — (1) Plating,— 
The metals ordinarily used for electroplating are gold, silver, 
nickel, chromium, copper, brass, zinc and lead ; bnt iron, platinum, 
cohalt, tin and bronze, are also used to a limited extent. The 
thickness of metal deposited, t, in inches per hour, may be found 
approximately by the empiric formula ^ = I / 144 wx, where / is the 
current density in amperes per sq, ft., w = weight of the metal in 
lb. per cu. in., and x = Ah required per lb. deposited. In all cases 
the article to be plated is first thoroughly polished, and cleansed by 
caustic soda and/or acid pickling; and both these processes may 
be aided by the use of electricity. In electric scouring the work 
is made the cathode in an alkaline solution ; the hydrogen evolved 
removes oxide scale and dirt, while the alkali removes any grease. 
In electric pickling the work is similarly made the cathode in an 
alkaline solution, but the direction of the current is reversed 
periodically. Subsequently the cleaned and polished article is 
made the cathode in the plating hath, with an anode of the pure 
metal to be deposited. 

(a) Gold. — Electrolyte, the double cyanide of potassium and 
gold, with potassium cyanide in excess. Pressure, 4 Y per cell. 

(b) Silver. — Electrolyte, potassium-silver cyanide, with added 
potassium ‘cyanide; 1 Y per cell; 3-6 A/sq. ft. [The Internationa] 
ampere is determined by the rate of deposition of silver (Vol. 1, 
§ 3) ; the same apparatus being used as a standard coulometer.] 
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(c) Nickel. — Electrolyte, nickel sulphate with animonium 
sulphate and a trace o£ baric or citric acid. Pressure per cell, 
3 V ; current density, 3-6 A/sq. £t. 

(d) Gosper. — “Acid’’ bath: copper sulphate and sulphuric 
acid ; 25-30 A/sq. ft. (higher with agitation). Inapplicable, without 
preliminary cyanide coating, to any metal attacked by H2SO4 or 
reacting with CuSO^. Cyanide ” (or “ alkaline ”) bath : double 
cyanide o£ copper and potassium (or sodium) with excess of alka- 
Ikie cyanide ; work at about 120° F. ; pressure 2 to 4 Y. See also 
Ooulometer, § 987. 

(e) Brass. — That an alloy of two very dissimilar metals should 
be capable of ionic transfer through a solution is strange, as the 
copper alone would appear likely to deposit. But in an electrolyte 
consisting of a mixture of the double cyanides of (i) potassium and 
copper, and (ii) of potassium and zinc, with the usual excess of 
potassium cyanide, brass of ordinary composition can be plated 
from .the anode without change of proportions. Pressure, 4 to 6 V 
per cell. Bronze is similarly plated. 

(/) Copper and Nickel. — Experimental work has for some 
time been in progress for the simultaneous deposition of copper and 
nickel in a form similar to the alloy known as monel metal. 

(g) Zinc . — ‘ Wet galvanising ’ is carried out with an electrolyte 
of zinc sulphate, together with sodium (or magnesium) sulphate, the 
pressure required being 3-J Y. It has been stated by Carpenter * 
that three plants, 'viz. the Anaconda at Great Falls, the Consolidated 
Mning Co. at Trail and one at Hobart, supply practically all the 
electrolytic zinc of the world, some 650 tons a day. They all use 
sulphuric acid leaching followed by electrolysis of the zinc sulphate 
solution, with a C.D. of about 30 A per sq, ft. of cathode. Great 
purity of the electrolyte is essential ; lack of it caused early failures. 

Qi) Lead . — For plating lead an acid solution of lead borate or 
fluosilicate is used as electrolyte, and worked at 10-20 A/sq. ft. This 
is one of the latest developments of plating, and finds its field in 
coating other metals so as to render them safe from acid corrosion 
— for example, in copper battery connections, where the least trace 
of copper in the cell has disastrous results. 

(i) Chromium. — This metal is very hard — ^more so than 
hardened steel — [979 (5)], takes a good polish, and is very 
resistant to tarnish and chemical action. Chromium plating is used 


* Froc. Inst. G.E., Vol. 224, p. 306. 
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extensively for motor-car parts, taps, etc. ; and the process is used 
for making plates and dies for printing currency notes and the like 
where very many copies are required, and for gauges, which last 
up to twenty times as long as steel gauges. The metal is often 
plated in combination with underlying coats of copper and/or 
nickel. The solution used as electrolyte consists of + 25 °/ 
chromic acid with 0-3 % chromium sulphate * (or carbonate), and 
a high current density of 150 to 200 A per sq. ft. is used. Lead 
anodes are used, and the chromic acid is replenished as necessary. 
The bath has to be kept cool artificially, and the current efficiency 
is only about 30 7o* 

(2) Electrotyping . — The reproduction of facsimiles in metal 
from a negative cast (of plaster of Paris, gutta-percha or wax) has 
many applications beyond the printing press, where it is used for 
reproducing steel or copper engraved plates, wood blocks, half-tone 
blocks and set up type as an alternative to stereotyping. The cast 
is made to conduct by a coating of graphite; and an anode of 
electrolytic copper then deposits the metal on this in an electrolyte 
of copper sulphate with added sulphuric acid. A pressure of 1 Y 
is sufficient. When iron electrotypes are required, the electrolyte 
is ferric chloride with ammonium (or calcium) chloride added. 
Analogous methods are used for building up metal to repair wear 
or breakage, as an alternative to the older method of the oxy- 
aeetylene blowpipe or the competing electrical method of arc 
welding with metal electrodes (§ 652). It is sometimes practicable 
to build up worn parts in situ by building an electrolytic bath 
round the part concerned, filling the vat with appropriate solution, 
and arranging one or more anodes to carry current into the solution 
and replace the metal deposited therefrom on to the cathode (the 
worn parts). Where this method is used, an insulating varnish or 
similar means may be employed to prevent deposition of metal on 
parts which are necessarily within the vat but which do not require 
building up. The working conditions must be adjusted in each 
case to ensure a firmly adhesive deposit of satisfactory structure. 
Among the other electrotyping processes used are metallising wood, 
putting driving bands on shells and bullets and making records 
for gramophones in the intermediate stage between the original 
wax and the final sale product. 


*JSL Itev,^.Yo]. 101, p. 125, and Yol. 102, p. 53. 
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995. Electrolytic Synthesis.-r- Although mainly in the experi- 
mental stage at present, the ever-expanding field of synthetic 
chemistry offers a promising outlook for the electroljdic technolo- 
gist; and already various organic compounds are so made. 
Successful operation of the principle generally involves cases 
where one of the constituents can he obtained electrolytically in 
the nascent state and can he brought, in that very active state, into 
contact with the other constituents. White lead can be so made, 
by electrolysing lead anodes in a solution of potassium chromate 
and carbonate, COg being blown in to replace that combining with 
the lead. 

996. Electrical Precipitation. — Every engineer and nearly 
every housewife has observed the streak of dust which is collected 
and deposited on walls or ceilings traversed by a cleated or other- 
wise exposed electric circuit, due to the electrostatic effect of even 
low-voltage lines. The property is made use of industrially for the 
electrical precipitation and collection of dust of all kinds. 
Mechanical rectifiers of the commutator type, driven synchronously 
by A.C., are generally used for this work (§ 416). The two chief 
patterns of precipitator have plate and tube collectors respectively ; 
the former uses wire or comb electrodes between earthed plates, 
while the latter uses wire along the axis of the earthed pipe.* 
Plates about 12 ins. apart are used, with a pressure of the order of 
40 kV ; higher pressures, up to 80 kV, have been tried, but with 
no great gain, and all manner of electrodes and frequencies appear 
to give much the same results. The charged electrode is generally 
the negative, while the positive of the L.T. supply is connected to 
the earthed electrode. The velocity of flow of the air or gas to 
be treated is from 400 to 450 ft. per minute. If the precipitate is 
non-conducting and very finely divided, it may be necessary to 
inject moisture or other conducting ingredient into it; otherwise 
there is a tendency for the discharge to reverse its direction, with 


* A paper, ‘ Eleotirical Precipitation,’ by A. Grounds and H. W. 0. Henderson 
(Froc, S<Mth Wales Inst, of Engineers ; see also El. Eev,, Yol. 102, p. 706) describes 
tbe liOdge-Oottrell precipitator -with either plate or pipe treater. The electrical 
equipment includes a step-up transformer, a mechanical rectifier (§ 416, Vol. 2) in 
the form of a rotating switch driven by a 1^ H.P. synchronous motor ; control and 
regulating gear; and automatic safety devices. A certain installation, treating 
6 million cu. ft. of gas per hour uses 12 plate-type chambers and 6 motor-generator 
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consequently increased power consumption.. Any fumes , can lie 
precipitated — ^including domestic smoke, if it were commercially 
feasible. Zinc oxide is a case in point, when it is condensed after 
volatilisation in the smelting of the complex silver ores. Producer 
gas, and the gas from blast furnaces, can in this way be cleaned be- 
fore use in gas engines, sometimes with a sensible return from the 
value of the dust removed and always with a great saving in wear 
and tear of cylinders and pistons. Where pulverised fuel is used the 
flue gases may be cleaned by precipitation ; * and every sort of dust 
found in the air of workshops, or in the ventilating air supplied 
to them, may be purified. Apart from the mere removal of the 
Solids, the ozone and oxides of nitrogen produced have a sterilising 
effect on the air treated. The air or gas is not cooled ip this 
process, as it is in, for example, the wet ‘ scrubbing ’ of town and 
producer gas ; and the removed dust (rmless deliberately humidified 
as mentioned above) is also dry. Solid matter and condensable 
vapours can be precipitated and collected separately, the dust being 
first extracted at a temperature high enough to prevent the vapour 
condensing and the vapour being subsequently collected in a 
‘mist’ precipitator after the gases have cooled sufficiently. From 
time to time the supply is cut off, and the electrodes are rapped 
with a hammer to remove adherent deposits. The dust recovered 
has, in some cases, an intrinsic value high enough to offset the cost 
of the treatment, and from 85 to practically 100 % of that present 
is removed. As an instance, the dust removed from cement kilns 
often contains much valuable potash. It should be added that 
every precaution must be taken for ensuring the safety of oper- 
atives where these extreme high pressures are used, such as the 
automatic cutting off of the supply when entrance to the apparatus 
chamber is made. 

Table 216 is abstracted from a paper by P. E. Landholt of the 
United States Research Corporation. 

Experimental work has been carried out on fog and cloud dis- 
persion, by dropping fine and highly electrified sand from aero- 
planes, thus causing coalescence of the particles which act as nuclei ; 
and, however little effect this may have on the British climate, the 
principle has possibilities in other directions. 


T Beoovety,' byH; W. O. World- Poioer, Ma-yand 

June, 1928. 
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Table 216 . — Data Relating to Electrical Precipitation. 



Tempera- 
ture of 
Gas 

Treated, 

Fahr. 

kWh per 
100 000 Cu. 
Ft. Gas 
Treated. 

Weight of 
Gas Treated, 
Tons / hr. 

Efficiency 
Removal of 
Suspended 
Matter, 

"/o 

Weight of 
Precipitate, 
Lb. per 
100 000 Cu. 
Ft. of Gas. 

Metallurgical dust 
and fumes 

250-300 

0-3 

4 000 

85-9 

6 

Metallurgical dust 

and fumes 

600-700 

20 

14-4 

97 

8-10 

Precious metal dust 





and fumes 

650 

2-4 

8-0 

99 

3 

Metallurgical dust . 

400-500 

1-0 

66 

95 

40-50 

jj )» • 

300-400 

0*2 

270 

91 

1 

„ fumes . 

600-700 

1*6 

50 

98 

16 

H 2 SO 4 and precious 






metaJs . 

160 

2*8 1 

26 

99 

5-15 

Pyrites burner dust . 

900-1 000 

0*1 

18 

99 

7*5 

H 3 SO 4 mist 

150-200 

2-0 

8-4 

99 

125 

Producer gas (tar) . 

70 

1*25 

— 

99 

15 

Air clearing (gold 






dust) 

70 

1-0 

53 

95 

1*0 


N.B. — Gas volumes at temperatuie of treatment. 


997. Electrical Separation : Electromagnetic ; Electro- 
static ; Electro -osmotic. — ^^( 1 ) Magnetic . — Just as a lifting mag- 
net (Chap. 31) will pick up a ton of iron from among other material 
in a scrap-heap, so can it he used for separating out the smallest 
particles of even the most weakly magnetic material from whatever 
they may be mixed with.,^ Magnetic separators have been used 
for a generation f hut new applications are constantly devised. 
Among the fields of use of magnetic separators, mining takes 
precedence, as iron in one form or another is present along with 
many ores as well as with gem-bearing sands and gravels ; concen- 
tration and grading of the ores hy these means is a valuable asset. 


♦ See ‘ Magnetic Separators ; a Comparative Review of the Different T^es of 
Machines in Vogue,’ EL Bev., Vol. 102, p. 966. 

t About 1892 two travellers from South Africa brought a sack of small nodules 
of iron, csontaining also minute diamonds and other precious stones, to the works 
where one of the present Authors was a pupil. They of ered a very handsome price 
for several magnetic separafjors if these could be made within a few weeks and do 
the work req[uired of them, as their lease of the plot where this mixture came from 
was running out. The machines were made in a time that earned a premium, and 
separated out the iron from the stones ; but the experimenters did not’ succeed in 
the * pinch effect.’ 
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In some ores the ferrons material is non-magnetic in the raw 
and only becomes weakly magnetic after roasting or calcining 

Magnetic separators are also used to get particles of iron out of 
the ‘slip’ in ceramic manufacture {see also post, ‘electro-osmosis’) 
into which they have made entry during grinding or other processes 
Similar applications are met with in the purification of grain,* sugar 
and various chemicals, as well as in the sorting out of scrap metal 
sweepings, etc. 

Slag reduction and the reclaiming of unburnt coal from the ash- 
pit by these means is already of high industrial importance; true 
clinker generally contains enough magnetic material to enable 
separation to be effective. In this work from 0-6 up to 2-4. kWh 
are required per ton of ashes treated. 

There are many types of separator, each designed for its own 
special conditions, hut the principle is the same throughout. The 
solid, granular, or liquid material to he treated is passed along a 
belt or other conveyer, so that it is spread out evenly before passing 
under the pole pieces of the magnet — or, more often, of the succes- 
sive magnets, so that what escapes the first may be caught by the 
next. The intensity of the magnetisation varies according to the 
nature of the magnetic material, and is sometimes very intense. 
The iron particles may either be caught up on the poles and re- 
leased at intervals by demagnetisation and flushing; or they may 
be intercepted by another conveyer and thus removed in process of 
being caught ; or, again, they may be picked up by revolving mag- 
nets at one point and, when these are demagnetised automatically 
further on, dropped into a slot or receptacle. For the most part 
multiple D.C. magnets with salient poles are employed; but both 
single-phase and two-phase A.O. magnets have also been usedf and 
repulsive as well as attractive forces are brought into requisition. 
The power involved is comparatively small, of the order of 1 to 5 
E.P., including both the driving of the machine and the energising 
of the magnets. (See also § 809.) 

(2) EleetTostatio Separation . — Some of the applications of elec- 


• A suggestive application is that in wMoh the seed of the psurasitio dodder is 
eliminated from that of clover. This is rendered possible owing to the fact that 
these seeds become stiohy when moistened, so that iron filings added to the bulk 
adhere to them alone, and enable them to be removed in a magnetic sepaiator. 
(Compressed Air Magazine, Vol. 29, p, 896). 

+ Ml. jRev., "Vol. 98, p. lid. 
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trostatic separation have already been mentioned in the preceding 
paragraph on Electrical Precipitation. 

(8) Electro-Osmotic Separation. — It has been fonnd that if a 
current is passed through a porous diaphragm, immersed in an elec- 
trolyte, there follows a flow of the liquid through the diaphragm 
(electrical endosmose), generally from anode to cathode, hut sometimes 
in the opposite direction ; and if there are suspended particles in the 
liquid, then as the liquid travels towards the cathode there is also 
a migration of the solid particles towards the anode (kataphoresis).* 
These properties are used industrially in various ways. In the 
purification of very finely divided clay suspended in water (slip) 
— see also ‘ electromagnetic separation " ante — D.C. at 60 to 100 Y 
is applied ; it drives the particles of clay towards the anode (usually 
a slowly revolving gauze metal drum) and any metallic oxides present 
— not necessarily magnetic, as in the other method — towards the 
cathode. The degree of purification depends largely on the applied 
voltage. 

The electro-osmotic pwrification of water for laboratory pur- 
poses;, certain manufacturing processes (including brewing), and 
for boiler feed make-up depends on the passage of D.C. through 
a three-compartment cell. The anode and cathode are in the out- 
side compartments and ‘ raw ’ water is fed to the centre compart- 
ment, which is formed by porous diaphragms. Under the influence 
of the current flow, acidic impurities collect in the anode chamber 
and alkalies in the cathode chamber. By passing water through 
the central compartment of one cell to that of another in a cascade 
arrangement, a high degree of purity is ultimately attained. It is 
claimed that a purifier of this type, delivering about 8 tons of water 
per 8-hr. day consumes about 20 kWh per ton. A number of cells 
can be used in series at each step of the cascade to suit the supply 
voltage. The voltage required per cell increases as the purification 
proceeds. 

Electro-osmosis is also employed in tanning and in the segrega- 
tion of emulsions and other colloidal suspensions, such as cod-liver 
oil, linseed and cotton -seed oil, sugar, etc. Its use, for the partial 
removal of water from peat has been the subject of several patents. 
The injection of narcotics and drugs through living tissue by this 

British Association : Second Eeport on Colloidal Chemistry, 1919. (H.M. 
Stationery Office.) 
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means is also familiar to modern medical men and dental snrgeons, 
and involves electrolysis also. 
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CHAPTER S9. 


SPECIFICATIONS: DEPRECIATION AND MAINTEN- 
ANCE. 

Specifications and Allied Matters. 

999. Specifications Generally. — ^When any engineering works 
are to be carried out, the exact relative positions of the purchaser 
and the contractor must be clearly laid down, so that if disputes 
occur the arbitrator or the Court has material for a decision ; and 
also the precise scope of the works must be clear. The first of 
these matters is dealt with by the Conditions of Contract; the 
second by the Specification. Generally the ‘Form of Model 
General Conditions recommended for use in connection with Con- 
tracts for Electrical Works' (§ 1054), issued by. the ZE.jE., will 
be found applicable, or at least a useful guide.* It first saw 
the light in 1902-03 and has often been revised since. The docu- 
ment consists of : Form of Tender ; Form of Agreement ; Form of 
Guarantee; General Conditions relating to the Works and the 
manner of carrying them out. For the technical side of the work 
a specification and drawings and (in the case of work to be paid 
for by measurement, or involving an unascertained number of any 
components) a schedule of prices is required. 

The Colisulting Engineer’s work is very exacting and requires 
great skill and experience ; where these are absent the result may 
he deplorable. It is notorious that in the case of works in the 
Dominions and India the drawing up of the specification, and the 
preliminary work of investigation, is often left to the firm of 
engineers who have originated, and are predestined to carry out, 
the work. The engineer nominally responsible takes the credit 
and the firm gets the dollars, as an American expressed it to the 
writer. So long as the firm employed go into the matter with 
their eyes open, and are told that others will be invited to tender, 

this is unobjectionable ; but they should he paid for their work as 
— 1! — — — — ^ 

* Tlie Association of Consulting Engineers also lias two useful forms of ‘ Condi- 
tions of Oontraot ’ for civil and for mech-ardeal a-nd electrical contracts. 
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consultants, even though the dual rdle of consultant and contractor 
would not be tolerated in older countries. It may he mentioned 
that consulting engineers, like medical practitioners, are pro- 
hibited from anything in the nature of advertisement, although 
there is no General Council behind them to enforce the rule ; but 
they are subject to stringent rules as to ‘ Professional Conduct,’ 
issued by the leading institutions, and very few cases of breach arise. 

In succeeding paragraphs brief notes are set down relating to 
the data required to be given or received in regard to plant of 
various types. A full specification for wiring work has already 
been given in Chapter 23, as this work is a necessary concomitant 
of nearly all contracts ; but to print even skeleton specifications of 
plant and mains, etc., would take up too much space, while perhaps 
serving no useful purpose.* 

Owing to standardisation (§§ 1055 to 1057) there is seldom any 
necessity to specify the details of construction of individual parts 
in ordinary stock apparatus ; and a great deal of the matter in an 
average purchaser’s specification might in most cases be omitted, 
thereby reducing the perhaps unavoidable prolixity of all such semi- 
legal documents. As a cynical writer has expressed it : — 

Why speoisfy that an armature should be made of Swedish charcoal-iron plates 
and be wound with copper wire of 100 °/o conductivity ? If the manufacturer can 
give us the output, efficiency, and temperature rise specified with a solid brass 
armature wound with iron wire, why not let him ? 

The true object of the specification is to state in unmistakable 
terms exactly what the purchaser requires in the way of results 
and what he is 'not prepared to accept in the way of apparatus. If 
he is prepared to accept any one of several alternatives he should 
leave the matter to the tenderers. In one case known to the 
Authors a maximum speed for Diesel engines was specified which 
ruled out several well-known makers; the purchaser could not 
benefit by such action. Each tenderer will inevitably tender for 
the standard construction of his firm, unless the apparatus is 
altogether special, and it is to the advantage of both sides that he 
should do so. It is not unusual for a contractor to enclose with 
his tender his own set of conditions, different from, and conflicting 
with, those sent out with the specification; unless the latter is 
clearly at fault such tenders deserve to be rejected. In all ordinary 
cases, if the data enumerated in the following paragraphs are given 

* Details of most of the separate items in §§ 1000-1011 will be found in the Index. 
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or asked for, as tke case may be, little else will be necessary; and 
special cases should be dealt with by specialists. Where the pur- 
chaser knows what results he wants, but cannot draw up a proper 
specification, it is far better (in the absence of a consultant) that 
he should set forth the d^esiderataoxidL invite tenderers to make their 
own suggestions, rather than to go to one firm only and be tied 
hand and foot to that firm ; the latter course is, however, only too 
common. 

It is not unusual for a specification to ask for information as to 
similar plant constructed by the tenderer, which can be inspected 
by the purchaser ; for there is always some risk in giving an order 
to a firm which has hitherto not manufactured in so large a 
size, or in accepting experimental types that have not been fully 
tried out. 

As regards the vexed question of the ‘ lowest tender,’ it is a safe 
assumption that the average of all tenders more nearly represents 
the actual selling value of the goods than either of the extremes ; a 
tender which is much below all others should be scrutinised with the 
greatest care.* The purchaser nearly always states that he does 
not bind himself to accept the lowest or any tender ; but where some 
public body, such as a municipality, is the purchaser, it invariably 
causes trouble if the lowest tender is rejected by the engineer. 
Looking at the matter from the manufacturer’s point of view, a lot 
depends on the state of the order book at the time ; in recent years 
many orders have been taken with no margin of profit at all, 
merely in order to keep the skilled staff going until better times. 

Useful notes on the calculation of running costs (including capital 
charges, depreciation, repayment, etc., as well as energy, mainten- 
ance, repairs and labour), in relation to the consideration of tenders, 
are given by J. C. Connan, El. Be'V., YoL 93, p. 564. 

lOOO, Further Notes on Specifications and Conditions of 
Contract. — In an interesting paper by F. S. Sells (Journ. I.E.E., 


* An amusing instance came to tlie notice of one of the Authors some years ago 
in Oregon. Tenders were invited for a huge quantity of earth for the reclamation of 
a strip of foreshore, and one tender was so far below the rest as to suggest an error 
of calculation. It was accepted in haste ; and the tenderer thereupon completed his 
purchase of a hill too steep to build upon, in the' centre of the town, and not far 
from the proposed reclamation. This hill he /scoured away by means of high- 
pressure water jets, washing the debris down timber flumes to the reclamation, and 
getting paid for removing it ; with the result that he obtained several acres of very 
valuable building land in place of a useless hill-top. 
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Vol. 49, p. 199), the author gives two definitions of a speeifi- 
cation : — 

Halsbury’s Laws of England says : ‘ A specification is a detailed description of 
building, engineering, or other -works executed, or proposed to be executed.’ 

Ball, on Law Affecting EngmmrSf says: ‘A written description and plans 
more or less complete, defining methods of construction, etc., to be used, prepared 
by the engineer for the approval of the employer and for the guidance of the 
contractor.’ 

The first of the definitions says a specification is a ‘ detailed ’ description, the 
other admits that it is ‘more or less’ complete, and rather a guide than definite 
instructions. If there is already such a -vital difierence in the interpretation of the 
word ‘ specification,’ can -we -wonder that the opinions as to how,a specification should 
be drawn up in practice are equally conflicting ? 

A specification must be clear ; it must leave no room for doubt as to what is in the 
mind of the man who issues it, for, unless this is the case, it cannot possibly be clear 
to the man -who is expected to -work to it. In many cases the want of clearness in 
specifications is the first bone of contention. Clearness, however, does not necessitate 
elaboration of detail. The author holds it to be advantageous to both sides if only 
such details are inserted as refer to the requirements of the purchaser. Details of 
construction should, as far as possible, he avoided ; they should form part of the 
tender. 

While specifying, as precisely as possible, what is required, it is 
generally both unnecessary and inadvisable to name a particular 
manufacturer ; there are, however, many exceptions to this whole- 
some rule, as in cases where a specialised article, made by a particular 
firm, has been found by experience superior to cognate articles 
obtainable in the open market under the local conditions obtaining. 
Even where an article is specifically named, tenderers should 
generally be permitted to offer alternatives for consideration, as 
otherwise progress is impossible. 

The exact scope of the contract should always be laid down. 
Confusion is often caused by failure to state precisely what in the 
way of builder’s work, foundations {e.g. grouting in), etc., is or* is 
not to be done by the purchaser or the contractor respectively. 
Similarly, as between two tenderers whose work overlaps, the exact 
boundary to which each is to work must be laid down ; for instance, 
the common bedplate or the coupling for a combined generating 
set or a motor pump or the like, where the electrical and mechani- 
cal components are supplied by different firms, may be cited ; or, to 
take another example, the* taper and special pipes between a water 
turbine and its main pipe-line. Again, questions of import duty, 
•freight, and carriage to site should not be left to chance' and an 
arbitrator. 
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Perhaps there is no duty which an engineer is called upon to undertake which 
is a more responsible one and req^uires greater care than the framing of a contract. 
The importance of the choice of the correct words and their proper collocation cannot 
be exaggerated, for when a dispute arises between the parties to a contract all that a 
court of law can do is to interpret the language contained in the document which 
purports to set out the matters on which the parties actually came to on agreement, 
A moment’s reflection will show the serious inconveniences which would arise if the 
practice were otherwise, and if the parties to an express contract were allowed to 
argue that language deliberately employed in the written document did not actually 
set out their intentions. It is well, therefore, for an engineer, before he signs a 
contract, to analyse closely the expressions which are employed therein, so that he 
may make certain that the phraseology is so clear and the terms so explicit and every 
contingency provided for that, if submitted to a court of law, the language employed 
will support the interpretation which he desires shall be put upion it. Disputes often 
arise from the fact that the parties to a contract are mistaken in their ideas of their 
obligations thereunder; it is always a wise precaution in all important dealings to 
seek legal advice, and in none more so than in the preliminary stages of a large 
contract, so as to ensure, as far as it is possible to do so, that the real intentions in 
relation to the contract appear in clear and unambiguous terms (Major W. J. A. 
O’Meara, The Electrician, Yoi. 71, p. 762). 

As regards disputes, it is not uncommon for the purchaser’s 
engineer to be given the sole right of deciding disputed points ; 
there are great ohjections to any such procedure, and arbitration 
is the only legitimate way of settling such questions, as the dispute 
may often be due to lax wording or definition of terms on the part 
of the purchaser’s engineer in his specification or general conditions. 
Another clause often inserted, but liable to abuse, is the omnibus 
clause, laying on the contractor the responsibility of supplying, 
within the tendered price, everything necessary to complete the 
works, whether specified or not ; within reason this is fair, but it 
may enable the purchaser to obtain, free of cost, goods which he 
had not thought of originally and which are not really essential. 
Shipping weights and dimensions should always be asked for, 
especially where subsequent transit over mountainous or rough 
country is involved. Foundation plans should also be asked for 
with the drawings. Wherever possible, the approved standards of 
the British Standards Institution (§ 1055) should he adhered to. 
Terms of payment should be specified ; it is usual to pay about 
80 7o delivery, 10 7o settiag to work and the remainder 

after a period of 3 to 6 months’ worMng ; in large foreign contracts 
a proportion is often paid on shipping documents. 

looi. Specifications continued — Generators (Chap. 4). — 
Whatever type of generator is required, and whatever purpose 
it is to be used for, the purchaser should give the following details 
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•when asking* for tenders, unless in any particular item he is willing 
to leave the matter to the discretion of the tenderer ; in -which case 
the latter should be asked to supply the necessary data in his 
tender ; — 

(a) Normal full load output in Mlo watts.* 

(b) Maximum overloads and duration, usually 25 for 1 hr. and 100 °/ 

momentarily* (§136). 

(c) Terminal volts at full load (standard, § 23). 

(d) Whether direct coupled or, if not, how driven. 

(e) Revolutions per minute, according to drive and type of prime mover (§ 254). " 
if) Number of poles, if material to case (§§ 138, 254). 

(g) Whether for parallel running with machines already at work; if so, full 

description of same should be given (§§ 148 to 160). 

(h) If the neutral point or neutral wire is to be connected to earth the fact 

should be stated (§ 354). 

{%) Effiicienoy at full, §, and J load and at 25 oyer load.t 
(J) Temperature rise over surrounding air of various components, after run of 
6 to 10 hrs. at full load and also after subsequent run at specified 
overload t immediately following ordinary test run. Also whether 
temperature is to be determined by thermometer or resistance (§§ 122, 
1024). Maximum air temperature of locality (§ 136) should be. stated 
in the case of plant for use in the tropics. 

D.C. Machines, 

(k) Winding— series, shunt, or compound {§ 138). 

(Z) Rise of pressure from no load to full load for compound-wound machines 
(§§ 138, 148). 

(m) Extent of req^uired pressure variation by means of field regulation in shunt - 

wound machines (§§ 138, 432). 

(n) Sparkless commutation; if commutating interpoles (§ 139) are not req_uired 

the fact should be stated, as they are fairly universal now. 

A,C. Machines, 

(o) Number of phases — single or S-phase generally. 
ip) Periodicity (standard 50 cycles, § 134 and Chap. 5), 

(g) Output in kTA at expected power factor (§ 157) as well as in kW at unity 
P.E. ; the machine to conform to specified temperature rise under the 
conditions of the lower P.F., i.e, with the larger current. 

(r) Pressure regulation under conditions of non-inductive and inductive load, 

generally given at P.P. = 1 and 0*8 (§ 147). 

(s) Excitation required, and whether exciter is to be driven from the alternator 

shaft or separately. 

Accessories, — Field regulators; cables connecting to switchboard; holding down 
bolts ; spare parts, vis. armature coils or extra armature, brushes, and gear ; bearing 
bushes ; tools. If belt-driven, pulley, slide rails, belt tightener. 


* The ‘ rated output * as specified by the British Engineering Standards Com- 
mittee covers both (o) and (h) : see §§ 136, 670. 
t See, however, footnote to items [a) and (6). 
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1002. Specifications continued— Motors (Ctap. 28). — In the 
case of motors the purchaser should state, or ascertain from 
tenderers : — 

(a) Whetlier open, ventilated, or totally enclosed type is req^uired (§ 4 and 

Vol. 3). 

(b) Whetlier to be rated for continuous or intermittent working, and the 

normal B.H.P. on this basis (§ 670). 

(c) Maximum overload and duration, as in the case of generators.* 

(d) Terminal volts (standard, § 23). 

(e) Whether direct coupled and, if not, whether driving by belt, rope, helical 

gearing, worm gearing, etc. In the case of gearing the required reduc- 
tion should be stated {§ 751). If ball bearings or roller bearings are 
required the fact should be stated. 

(f) Revolutions per minute, according to drive and type of machine to be 

driven ; allowable limits of variation at different loads, or required speed 
variation as the case may be ; size of driving pulley, 

(g) Number of poles, if material. 

(h) Required starting torque, if material. 

(i) Whether system on which motor is to work is connected to earth at 

neutral (§ 354). 

{j) Ef&cienoy and temperature rise as in the case of generators. 

D.C. Motors, 

{7c) Whether series, shunt or compound-wound {§§ 138, 675-677) ; and whether 
required with commutating interpoles (§ 139), as for variable speed 
motors. 

A,C, Motor's. 

(1) Number of phases and periodicity, as in the case of generators. 

(w) Whether synchronous, commutator, or induction type, and, in last-named 
case, whether squirrel-cage or slip-ring (§ 681). In the case of 
synchronous motors, separate excitation is required, and must be 
arranged for. 

(n) Starting current should be stated in tender. 

(o) Power factor at full, §, and J load should be stated in tender. 

Accessories. — Starting and regulating gear ; no-load and overload release ; 
cables from motor to starter, etc. ; spare parfes, as in the case of generators; holding- 
down bolts ; tools. If for belt-driving, pulley, slide rails, belt tightener. 

1003. Specifications continued — Transformers (Chap. 17 ). — 

{a) Whether single-phase ox 3-phase ; periodicity. 

(6) The required output on the secondary side should be given in kW or, if 
the load to be supplied is inductive, in kYA. The nature of the load, 
or the probable P.P. at secondary terminals, should be stated {§ 157). 
(c) Pressure of supply at the primary terminals ; required pressure at the 
secondary terminals (standard, § 23). As to star and mesh connection 
see § 394 . 


See, however, footnote and reference in § lOOl. 

781 



§ 1004 ELECTRICAL ENGINEERING PRACTICE 

(d) Whether oil-insulated or nofc. Oil instilation is generally used for extra 
high pressures and in large sizes, where the heat generated can be 
carried away by water pipes in the oil space. Small transformers 
depend on the dielectric on the coils (§ 400). 

. (e) Whether artificially cooled and (if so) whether by air or water (§ 400). 

(/) Pressure regulation at full load on P.P. of unity and 0-8 (§ 392). 

(g) Open circuit losses (§ 394, Table 53). 

(h) Overall efficiency at full, and | load (§§ 394, 401, Tables 53, 64). 

(i) If special tappings for variable pressure are required (§ 636). 

Accessories. — Transformer oil; spare coils ; circulating fan or pump for cool. 
iJig ; piping- 

1004. Specifications continued— Storage Batteries (Chap. 
18 ).— 

{a) The number of cells, including regulating cells, must be stated (§ 4B0) or 
the working pressure of the installation. 

(6) The required capacity in ampere-hours must be given. This varies with 
the rate of discharge (§§ 430 et seg.). It is usual to specify the capacity 
when the battery is discharged in 5 or 10 hrs. and also the maximum 
safe discharge current for 1 hr. Alternatively, the conditions of load 
and probable hours of working may be specified. 

(c) Specify by whom the stands are to be supplied, painted and erected. 

(d) Specify by whom the electrolyte is to be supplied, and exact a guarantee as 

to its purity (§§ 431 et segf.) 

(e) Ascertain the normal and maximum charging rates (§ 432). 

Accessories. — Hydrometers for specific gravity; cell testing voltmeter 1-4 7 ; 
lamp to slip between plates for cell inspection; connections to switchboard ; spare 
plate sections. Lead-burner’s outfit, if necessary ; tank for acid mixing ; water- 
distilling apparatus; anti-sulphurio enamel for stands, etc. ITote the E.M.F. 
required for cell charging (§ 432). If necessary a booster can he used (§ 432). 

1005. Specifications continued — Switchboards (Chap. 16 ).— 

(a) The number of panels and apparatus required on each, and the normal 
current and pressure, should he stated, always remembering that the 
current of an accidental short-circuit will he enormously in excess of the 
working current, and is the crucial figure for circuit-breakers, etc. 
These may comprise the following : (i) Panel for each generator, with 
ammeter (reading to about double the current of the generator) ; volt- 
meter (standard pressure central on scale) ; main switch or circuit- 
breaker ; cut-outs, fusible or automatic ; reverse current circuit-breaker, 
if required; shunt regulating switch and resistance, unless placed on 
separate pillar ; wattmeter if required. For large currents shunted 
ammeters (§ 107) or current transformers (§§ 107, 108, 334) may be 
required; and for high-pressure voltmeters transformers also (§§ 108, 
384). (ii) Pajiel for each feeder, similarly provided (according to the 
'■ load on each) with ammeter, voltmeter, switches, cut-outs. Where two 

sets of bus-bars are provided and kept at different potentials, change-over 
switches are required on generator and feeder panels, (iii) Total output 
panel, between generators and feeders, with ammeter and wattmeter for 
maximum output and also station voltmeter, (iv) Neutral panel on 
3-wire systems, with centre zero ammeter to show out-of -balance current 
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(§ 461). The earbb. connection of neutral may be taken from this panel, 
and a current-limiting resistance may be added if necessary to keep the 
earth current down, (v) Balancer panel, where balancers are used on 
a 3-wire system. Oentre-zero ammeter and voltmeter for each side of 
system. Switches, starting gear, and cut-outs for balancer, and shunt 
regulator- (vi) Station lighting panel, (vii) Batteiy panel with charge 
and discharge regulator switches (§ 432) and centre-zero ammeter, "show- 
ing charge or discharge current ; automatic cut-in and cut-out. 

(&) Bor A.O. synchronising panel ; power factor indicator. If high tension, oil 
switches and instrument transformers (§ 405). 

(c) Bor tramways, ‘ Board of Trade panel ’ ; also equalising bars and switches 

at generators (§ 148). 

(d) Beoording (chart) voltmeters may he required {§§ 93, 97). 

(e) The type of switches, instruments, etc., and material of panel and framing 

may be specified or left to each tenderer. 

(f) Special distant control and automatic regulators may be required; also 

special protective gear for excess pressure on A.G. lines (Chap. 15). 

Accessories, — Connecting cables to generators, balancers, regulating pillars, line, 
etc. ; lightning arrestors (§ 346) and choking coils ; isolating switches, which can be 
opened up on both sides of any H.T. apparatus when the circuit is broken for 
repairs ; oil for oil switches ; clock. 

1006. Specifications continued^ — Cables (Chaps. 13, 14). — 

(а) Specify whether for feeders or distributors (§§ 441, 442) or for trailing cables 

(§ 820), or for house wiring, etc. 

(б) Whether single, 2 or 3 core, or concentric, and for D.C. or A.O. 

(c) Oross-seotional area of each conductor, to be of standard copper (§§ 62, 

279, and Tables 39, 40). Bor aluminium see § 63. 

(d) Working pressure. 

{e) Whether any conductor is to be connected to earth. 

(/) Class and grade of cable (§§ 281, 283). 

(р) Method of laying (§ 290). 

(h) Length of route. 

(i) Ascertain actual guaranteed insulation resistance, thickness and nature of 

dielectric, weight, conductor resistance — at standard temperature. 

(/) Iffor A.C., ascertain capacity and charging current under working condi- 
tions (§§ 307, 311). 

(k) Specify who is to lay and joint cable. 

Accessaries, — Jointing material ; distribution boxes, disconnecting links, feeder 
pillars ; troughing, filling and protecting material (if any). 

1007. Specifications continued — Overhead Lines (Chap, 

{a) Whether solid or stranded hard-drawn copper wire ; and S.W.d. (§ 307 and 
Table 44). Bor aluminium see § 308 and Table 45. Bor steel see § 309. 

* Bor bronze, etc., see Table 49 in § 331. 

(&) Length of route and of wire required. 

(с) Obtain guarantee as to standard conductivity and weight; also ultimate 

tensile strength (§§ 62, 63). 

• • (d) Specify marimum electrical pressure on insulators and also mechauical 
stress to be carried (§ 330). 
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{e) Ascertain breaking- down conditions of insulators and pins, electrical ajid 
mecbamcal (§ 330). 

(/) State length and construciion of brackets or cross arms (§§ 327 et seq.). 

(g) Number of brackets or cress arms and of insulators and pins. 

\k) Height above ground and overall length of poles (§ 323). 

(i) Type and ultimate strength of poles (§§ 324, 325). 

U) Special poles, such as towers for long spans (§ 329), feeder junction poles, 
heavy terminal or angle poles, etc., to he separately enumerated as in 
(g) and Qi). 

[k) Special strain or shackle insulators. 

Accessories. — Jointing and binding material ; earth wires and earth connections 
{§§ 324, 347) ; struts and stays (§ 326) ; anchors for stays ; line lightning arrestors 
(§ 346) ; disconnecting links ; safety devices and guard wires ; spare parts ; lines- 
men’s tools. 

1008. Specifications continued — Steam Plant (Chap. 6).— 
In the case of most of these sub-heads the tenderer should be 
allowed to specify what he considers most suitable, unless there are 
reasons to the contrary. 

{a) Whether for direct coupling or belt or rope drive. 

(6) Brake horse-power: or specify that each set shall be able continuously to 
drive its generator at the specified overload. 

(c) Vertical or horizontal. 

(d) Revolutions per minute, according to nature of drive. 

(e) Maximum momentary and permanent variation in speed when running on 

governor and load is thrown on or ofi. 

(/) Whether simple, compound, or triple expansion, or steam turbine. 

{g) Condensing or non-condensing. 

(h) Open or enclosed and method of lubrication. 

(i) Number of cranks. 

(J) Steam pressure at stop valve. 

(Tc) Steam consumption and mechanical efficiency at full, and § load and on 
specified overload of generator (§ 167). 

(Z) In case of combined plant, overall efficiency of sets, 

Accessari&s ^ — Steam and exhaust piping and covering for same; main valve; 
steam traps, drain cooks, relief valves, gauges, tachometer ; condenser (§ 175), air 
and circulating pumps, etc. ; spare parts ; tools. 

1009. Specifications continued — Boilers (Cliap. 6). — 

(tt) Type — ^Lancashire, water-tube, marine, loco, etc. (§ 170). 

(5) Working pressure and whether superheat req.uired or not ; if so, the degree 
of superheat. 

(c) Fuel to be used and approximate average calorific value. 

(d) Nature of draught — ^natural, forced, or induced. 

(ej Steam required per hour — or it may be specified that the boilers shall be 
capable of steaming continuously at the rate required to obtain the 
maximum overload of the generating sets (§ 167). 

(/) Whether mechanical stokers are required. 

(g) The square feet of grate area, fuel consumption, and actual steaming 
capacity with given feed temperature should be stated in tender unless 
specified. 
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Accessories. — Safety valves ; main stop valve ; feed check and stop valves ; 
blow-ofi valve ; pressure gauge ; v^ater gauge and guards ; feed pump or injector ; 
feed water heater ; economiser ; oil extractor ; superheater ; air pre-heater ; steel or 
other chimney stack ; fan for mechanical draught ; motors for automatic stoker, 
economiser scraper, fan, etc, ; Jiring tools ; spare fire bars and gauge glasses ; pipe 
work and valves for main steam range and all above accessories and lagging for 
boilers and pipes ; exhaust piping to condenser or atmosphere or to both, 

1010. Specifications continued — Oil and Gas Plant (§§ 178 

et seq.'). — See steam plant above, § 1008 (a) to (e) being applic- 
able here also. If the Diesel or semi-Diesel type (§ 180) is required, 
in preference to the ordinary oil engine, this should he made clear. 

(/) State altitude and maxirhum temperature of place where engine is to be 
used (§ 179). 

{g) State nature of fuel and average calorific value (§ 178). 

{h) Specify (or inquire) fuel consumption and efficiency at full, and | load 
and at specified overload. 

(i) Cooling water tanks and all piping for water exhaust. 

(j) Fuel tanks for oil ; producer and accessories for gas. 

(k) Silencer, 

(l) Starting gear when required; compressed air cylinders for Diesel t5^e. 

1011. Specifications continued — Water Turbines and Pipes 

(Chaps. 8 to 11). — Wheels. — See steam plant above, § 1008 (a) to (e) 
being applicable here also. 

(f) State gross and net head and quantity of water available in cusecs (§§ 201, 
202). 

{g) Impulse or reaction wheels (§ 214). 

{h) Method of regulating inlet; in case of high heads whether by spear, 
deflector, or deflecting nozzle or * Seewer ’ nozzle (§ 255). 

(i) Water consumption and efficiency at full, and J load and overload. 

Accessories. — ^Pressure gauge; tachometer; taper pipes from main pipe to 
nozzle ; main valve ; relief valve ; governor and connections ; spare parts. 

Pipes (§§ 246 et seg.). 

(a) Whether each wheel will have its own pipe or whether a common pipe 
will he used, with a receiver. 

(5) Length, vertical head, and quantity of water to be carried at full and 
overload. 

(c) Diameter of pipes and loss of head at full and overload — or it may be 
specified that the pipes shall carry the quantity of water required, 
under the net head, for the specified performance of the plant, 

{d) Whether single or double riveted, welded, or solid drawn, and thickness 
and factor of safety (§§ 246 et seg.) ; or latter may be given and details 
left to the makers. 

(e) Nature of joints (§ 252). 

If) Details as to dipping for protection against corrosion. 

Accessories. — ^Bends, vertical and horizontal, from exact survey of pipe-line ; 
expansion joints ; thrust blocks ; bell mouths ; valves ; air chambers, if necessary ; 
strainers jointing material ; spares ; tools. 

voii. III. 786 
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Depreciation and Maintenance. 

1012. Depreciation, — If interest has to be paid on the balance 
of the capital cost of an installation at a rate t and depreciation 
is to be set aside at the end of each year at a fixed annual rate per 
cent, on the original cost, so as to pay off the sum (capital and 
interest) by the end of the presumed life, then rate of depreciation 
percent. = 100 x r[(l + rf - 6] /[(I 4- tY - 1], where - tz, == years 
of life and h is the ratio of the value of the old material at the end 
of the period to original cost, expressed as a decimal. Thus, taking 
the rate of interest at 5 Yoj as 5 years, and the 

value of the old material as nil ‘ 

Depreciation — 100 x 0*05 (1*05)^ / (1-05^ - 1) = 23'12 7^. 
Working this out we have — 

Balance at 
End of Year. 

Original sum 100 

Interest 1st year 5 

105 

Depreciation set aside at end of 1st year = 23*12, Balance 81*88 

Interest 2nd year 4*09 

85'9T 

Depreciation at end of 2nd year = 23*12, Balance . . 62*85 

Interest 3id year 3 US 

66*00 

Depreciation at end of 3rd year 23*12, Balance . . 42*88 

Interest 4:th year 2«16 

45*03 

Depreciation at end of 4tli year = 23*12, Balance . . 21*91 

Interest 5tli year 1*15 

23*06 

Depreciation at end of 6th year = 23*06, Balance . . Nil. 

If in this ease the value of the old material had been 15 7^ (ie. 
0T5 in the equation) the rate of depreciation would be 20*4 instead 
of 23*06 7o* F^om this formula the depreciation rates in the Iasi 
column of Table 100 have been worked out, but in some cases 
alternative values (given last) have been added from various 
authorities. 

If the rate, B 7^, of depreciation is known, and it is desired to 
ascertain the length of life assumed, the formula can be transposed. 
Where the value of the old material is nil we have — 

n - [logD - log (D - lOOr)] / log (1 + r). 

Thus, in the example given, we have 

nfh — (log 23*16 - log 18T6) / log 105 == 5. 
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Where the old material has a value the expression becomes 
n = [log (D - lOOrb) - log (D - lOOr)] / log (1 + r). 

In the second example therefore we have 

n = [log (20-4 - 7-5) - log (20-4 - 5)] f log 1-05, 
which again gives 5 years. 

In this connection may also be mentioned the amortisation of 
capital, dealt with in the Electrical Trades Directory and Hand- 
book. Formulae are there given for the four principal schemes on 
which a sinking fund may be constructed to cover depreciation, 
lyiz . : — 

1. The annual deposits may be of equal value, or a constant percentage of the 
original capital outlay, and accumulate at compound interest. 

2. The annual deposits may be of equal value, and the iuterest accruing on 
them applied to some purpose other than addition to the sinking fund. 

3. The annual deposits may be a constant percentage of -the unwritten-ofi 
capital, in 'which case they are of decreasing value from year to year, and 
accumulate at compound interest. 

4. The annual deposits may be a constant percentage of the unwritten-off 
capital, and the interest accruing on them applied to some purpose other than 
addition to the sinlring fund. 

During periods in which the purchasing power of money varies 
widely, it is rational to adjust the annual monetary allowance for 
depreciation to correspond with the real reduction in value of the 
assets concerned.* 

The whole question of depreciation is an extremely difficult one, 
and should he dealt with by the professional accountant rather 
than the engineer. A valuable contribution to the subject will be 
found in a paper on ‘ The Annuity or Sinking Fund Theory of 
Measurement of Depreciation of Plant/ by P. D. Leake, in The 
Electrician, Vol. 74, p. 856 ; and the whole subject is dealt with ex- 
haustively in ‘The Depreciation of Factories, Mining, Municipal, 
and Industrial Undertakings and their Valuation,’ by Ewing 
Matheson, M.Inst. C.E. Annuities and sinking funds are further 
referred to in § 1014. 

1013. Life of Plant: Depreciation, Residual Value, and 
Loan Periods. — The approximate life of the component parts of 
electrical installations, the residual value at the end, assuming 


* This problem is discussed and illustrated in ‘ Some Common Delusions Con- 
cerning Depreciation,’ by E. E. DuBrul, Mechamcal Ertegimering (Amer. Soc. Meob. 
Eng.), May, 1928, p. 373. 
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proper maintenance, and tke rate o£ depreciation to be set 
may be taken as follows : — 

Table 217 . — Life and DepTeeiation of Plant, etc. 



Life in Years. 

Residual Value 
as per Cent, of 
Original Cost. 

Rate of Depre- 
ciation per 
Cent, of 
Capital Cost. 
Interest 5 %. 

Foundations and main buildings 

Indefinite 

Nil 

24 

Sub-station buildings . 

50 

Nil 

5| to 3 

Water-tube boilers 

25 

5 

7 to 8 

Lancashire boilers 

22 

3 

7^ to 10 

Generators . . . • 

30 

8 

6|to 8 

Engines and other machinery . 

25 

6 

7| to 10 

Water turbines .... 

25 

3 


Cables, armoured 

35 

15 

6 to 3 

„ laid ‘ solid ’ . . . 

40 

12 

5|to 3 

Accumulators .... 

10 to 15 

10 

9 to 12 

Steel posts 

40 

5 

5fto 2 

Motors ..... 

15 to 25 

9 

9 to 7| 

Traction motors .... 

10 to 15 

10 

12 to 9 

Arc lamps ..... 

12 

5 

11 

Meters, instruments, etc. 

12 

2 

114 

Tools 

10 

5 

124 

Tramway track (but see § 901) . 
Sub-station eq[uipment 

10 to 15 

25 

5 

12 

12|to 9 


The bare copper wire of overhead mains and transmission lines 
may be taken to last indefinitely; its valne as scrap may be more 
than its original cost. The above data are based on wide practical 
experience and may be taken for estimating purposes where private 
investment is concerned. In the case of municipal expenditure, 
however, in respect of which loans are raised under the sanction 
of the Local Government Board, the periods laid down by that 
authority for the repayment of municipal loans must be observed. 
Generally these periods are much shorter than the actual life of 
the plant. Whilst conservation is a reasonable policy where public 
investment is concerned, it is easy to go too far in this direction 
and impose a heavy handicap on the profitable operation of new 
equipment by requiring unnecessarily rapid repayment of its cost. 

In this connection reference may be made to correspondence between the 
LE.E. and Local GoYexnment Board in which the former body sought to extend 
the repa 3 ?ment periods allowed on loans for cables, conduits, storage batteries, 
and reinforced concrete. The old L.Gt.B. allowances, the X.E.E. proposals, 
and the new L.G.B. figures may he thus summarised (see also Jour. 

Vol. 54, p. 63) 
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Loans on — 

Old L.G,B. 
Periods. 
Years. 

I.E.E. 

Proposals. 

Year^. 

New L.G.B. 
Periods 

(August, 1915). 
Years. 

Cables, laid ‘ solid ’ in ducts . . | 

„ armoured, laid direct . 

25 

15 

] 


,, armoured but coated with 
jute and bitumen and 
covered with bricks 

20 

y 30 

25 

Conduits ..... 

— 

60 

25 to 30 

Storage batteries .... 

5 

15 

7 ^ 

Beinforced concrete 

15 

30 

15 (variable 
with, character) 


The Electricity Commissioners allow the following periods for 
the repayment of loans sanctioned by them, viz , : — 


Freehold land 

. 60 

years. 

55 

Leasehold land 

. 30 

Buildings ■ . 

. SO 

f) 

Plant and machinery 

. 20 

„ 

Trunk mains .... 

. 40 

}f 

Other mains and service lines 

. 25 

}) 

Meters 

. 10 

)f 

Internal wiring 

. 10 

ti 

Apparatus let on hire 

. 7 to 10 

a 


Except for internal wiring, which ought to last far longer, these 
rates are reasonable. The period of 20 years allowed by the Com- 
missioners for plant and machinery has, however, often been 
reduced to 15 years as a maximum in cases where there was reason 
to anticipate that generating plant was specially liable to be super- 
seded, owing to the probability of bulk supply or otherwise 
(First Annual Report, p. 28). Having regard to the changed 
conditions brought about by the Act of 1926 the Commissioners 
came to the conclusion that a repayment period of 15 years in 
such cases must now be regarded as too long for general applica- 
tion ; and that cases would arise in which it would be difficult to 
justify a longer period than 10 years (Seventh Annual Report, 
p. 76). 

Into the questions of Income Tax and Fire Insurance, both of 
which are affected by depreciation and by obsolescence, it is not 
possible to enter here. The whole question of depreciation, of 
obsolescence and of loan repayment periods is in a state of constant 
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flux ; it forms a perennial topic of discussion in the technical Press 
to which the reader may be referred for further light on it. 

1014. Provision for Loan Repayments. — Further to the 
notes in the preceding paragraph, it may be pointed out that 
although plant may actually last many years it will inevitably be- 
come out of date before it is actually worn out, and replacement 
then becomes commercially sound. It is preferable therefore that 
a loan should be repaid completely by the time that it will probably 
pay to replace the plant, in which case the repayment of the 
capital takes the place to some extent of the depreciation fund of a 
limited company. There are two usual methods for the repayment 
of loans, apart from sinking funds, viz. : (1) hy equal yearly or 
half-yearly portions of principal, with interest on the balance from 
time to time outstanding, known as the " instalment method ’ ; and 
(2) by equal yearly or half-yearly payments to include interest and 
principal known as the ‘annuity method.’ Eoth are considered 
preferable to a sinking fund. Ey the instalment method the pay- 
ments decrease in amount as time goes on, whereas by the annuity 
method they are of equal amount throughout the term ; under the 
same conditions of interest and period the total payments are there- 
fore slightly greater with the latter method, though it is more 
often adopted. 

It will be useful here to note a few facts and formulse covering the usual 
methods of dealing with annuities, sinking funds, etc. All are based on the 
ordinary geometrical progression of the type 

CL dJEt ctR^ “H clR^ “j” ... 

in which the wth term is aR'^ and the sum of the first n terms is a 

{B^ - 1 ). 

The following formulae are derived from these : — 

(1) Amount, at the end of n years, at lOOr interest, of an annuity of &N 

per annum 

= J^{(1 + rF - l}/r. 

(2) Debt repayment by the annuity method : — 

If a debt of is to be paid off by n equal payments made to the creditor 
at the end of every year from the 1st to the nth. inclusive, the amount of 
each yearly payment {£N) is given by 

= r(l H- - 1}, 

where lOOr is the rate of interest on the unpaid balance of the debt 
in each year. 

(3) Debt repayment by Sinking Fund : — 

In this case the debtor sets aside an amount at the end of each year, 
which accumulates at (say) lOOr °f^ interest. Meanwhile the debt 
accumulates at lOOU °/o, and AT must be such tbat at the end of the ^ith 

790 



DEPEECIATION AND MAINTENANCE § 1014 

year, when fehe amount has "been set aside, the accumulated total of 
the Sinking Fund equals the accumulated total of the debt. This gives 

3(a) . . . F = r(H- 22)"/ {(1 + rf - 1 }. 

If B = 0, this formula gives the case of a sinldng fund required to pro- 
vide B1 at the end of n years ^without paying interest on capital, in which 
case 

3(6) . . . r/{(l - 5 . r)" - 1 }. 

while if r — 22 , this method of debt repayment gives results identical 
with the annuity method, viz , : — 

3(c) ... F = r(l -t- r)"/{(l rf - 1 }. 

If r is greater than B, the Sinking Fund method will be the cheaper of 
the two, and vice versa. 

It is further worth noting, in order to make the best use of any tables that may 
be at one’s command, that 

(4) The plain Sinking Fund payment F in 3(6) above is the reciprocal of the 

amount of an annuity of £1 p.a. in ( 1 ) above. 

(5) The amount N in (2) above exbeeds that in 3(6) by r. 

The following table, condensed from Inwood’s {Schooling) Tables 
and J. A. Archer’s tables for the repayment of loans, covers the 


Table 218. — Repayment of a Loan of £100 by Annuity. 


Years 

of 

Annual Payment ; Bate of Interest being— 

Eepay- 

meut. 


3|7c. 

4 7o‘ 

4i7o. 


4i7.- 

! 5%. 


5 

22-148 1 

22-305 2 

22-462 7 

22-620 7 

22-779 2 

_ 

23-097 6 

23-739 6 

7 

16-354 4 

16-507 5 

16-661 0 

16-815 2 

16-970 1 

— 

17-282 0 

17-913 6 

10 

12-024 1 

12-176 1 

12-329 1 

12-483 0 

12-637 9 

— 

12-950 5 

13-586 8 

15 

8-682 6 

8-837 6 

8-894 1 

9-152 0 

9*311 4 

— 

9-634 2 

10-296 3 

20 

7-036 11 

7-196 21 

7-358 17 

7-521981 

7-687 61 

7-855 06 

8-024 26 

8-718 5 

21 

6-803 66 

6*964 86 

7-128 01 

7-293 08! 

7-460 06 

! 7-628 91 

7-799 61 

8-500 5 

22 

6-593 21 

6-755 53 

i 6-919 88 

7-086 23 

7-264 56 

i 7-424 85 

7-697 05 

8-304 6 

23 

6-401 88 

6-565 34 

6-730 91 

6-898 65 

7*068 26 

7*239 97 

7-413 68 

8-127 8 

24 

6-227 28 

6-391 89 

6-558 68 

6-727 63 

6-898 70 

7*071 87 

7*247 09 

7-967 9 

25 

6*067 40 

6-233 17 

6-40120 

6-571 45 

6-743 90 

6-918 51 

7*095 25 

7*822 7 

26 

6-920 64 

6-087 47 

6*256 74 

6-428 31 

6-602 14 

6-778 19 

6-956 43 

7*590 4 

27 

6-786 24 

5-953 34 

6-123 86 

6-296 74 

6-47195 

6-649 44 

6-829 19 

7-567 9 

28 

6-660 26 

5-829 54 

6-00130 

6-175 49 

6-362 08 

6-531 02 

6-712 25 

7-459 3 

29 

6*544 64 

5-714 99 

5-887 99 

6-063 50 

6-241 46 

6-421 83 

6-604 55 

7-358 0 

30 

5-437 13 

5-608 76 

5-783 01 

6*959 82 

6-139 15 

6-320 94 

6-505 14 

7-264 9 

40 

4-682 7 

4-865 9 

5-052 3 

6-241 8 

5-434 3 

— 

5*827 8 

6-646 2 

50 

4*263 37 

4-457 42 

4-655 02 

4*856 00 

5-060 21 

5-267 49 

5-477 67 

6-344 4 
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ordinary periods of repayment and rates of interest in connection 
mtK electrical engineering works. The figures in each case repre- 
sent the equal annual payments of principal and interest on a loan 
of one hundred pounds, to he extinguished in the period given on 
the annuity system. ^ 

If the payments are made half-yearly they are slightiy less than 
half the amounts shown by this table, but for project purposes this 
may be neglected. 

The total amoimt payable for interest by the annuity nvethod 
is found by deducting the principal from the total payment. Thus 
in the case of a loan of £10 000 repayable by 20 equal annual 
instalments at 4iJ 7o> tti® table shows that each payment -will be 
£768' 761 * or in all £15 375'22, of which interest therefore 
accounts for £5 375'22. 

If the instalment method is used the total interest charges are 
found by multiplying the interest on the loan for one year by the 
number of years in the period increased by one, and dividing the 
product by two. Thus, in the same example : Interest on £10 000 
for 1 year is £460 ; and period is 20 years. Hence total interest 
= £450 X 21/2 = £4 725, and the total repayment will be 
725 . 

With the sinking fund method for the case of r = E = -045 
the amount to be set aside is, by 3 {a) and (6) above, the same as’ 
that required with the annuity method, viz. : £768‘ 761. If full 
tables are not available, this figure can, vide (5), be found from a 
plain sinking fund table [3(a)] by adding r (note that this only 
applies if r = JB). Thus a plain S.F. table for the case considered 
gives £0- 031 9 per £1 (approx.), 

adding r = O’ 045 0 

gives £0- 076 9 per £1 or £769 per £10 000. 

Further, the plain S.F. amount can, vide (4), be derived if neces- 
sary from an annuity table ; thus 

Amount of £1 p.a. for 20 years at 4>i (from tables or formula 

(1)) = £31 ’4 

Hence plain S.F. yearly payment = ~ = £0- 031 9 per £1 as 
above. 

By formulsB ( 2 ) above N = 10 OOO x -045 x 1 - 045^0 / {i* 04520 _ 1}. 
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1015 • Maintenance. — The rates of depreciation given above 
assume that the plant, etc., is properly looked after. During the 
earlier years the cost of maintenance is very small, but it goes on 
increasing with time ; an average rate of 2^ 7o buildings and 
4 7o debited to this head. As regards the internal 

wiring of buildings no depreciation need be set aside; cases have 
occurred where the insulation on the wires has become useless 
after a very few years, either from climatic effects, damage by 
white ants, or electrolysis, but as a rule circuits can be replaced as 
required out of maintenance, and the life of the installation pro- 
longed almost indefinitely. It has been found in India that an 
average maintenance rate of 4|- to 5 7o covers this fully, and in 
temperate climates it will be far less. 

As regards overhead lines, on one large system abroad the 
average cost of maintenance over 4 years worked out at £7 per 
mile per annum ; this included painting the poles and repairing 
damage due to storms and falling trees. The life of a coat of good 
metallic paint is about 3 years, but difficulty has been experienced 
in finding a paint which will withstand a tropical climate.^ 

1016. Bibliography. — (iSee explanatory notes, § 58, VoL 1.) 

Official Ebgtjlations. 

Chapter 41 in this volume. 

All specifications must be consistent with official regulations enforced in the 
districts where material, apparatus, etc., is to be used ; they should also take account 
of the I.E.E. Wiring Buies or other schedules which, though not enforced by law, 
are representative of good practice. 

Standajrdisation Kbpoets, etc. 

B.S.I. Publication No. 205. — Glossary of Terms used in Electrical 
Engineering. 

All specifications should, wherever possible, be consistent with I.B.C. publica- 
tions and B.S.I. specifications ; references to these are given in the bibliographies at 
the end of each chapter in this work, but fiesh publications are continually being 
issued, full particulars of which can be obtained from the offices of the I.B.C. and 
B.S.I. at 28 Tiotoria Street, London, S.W. 1. 

Books. 

Specification and Design of Dynamo - Electric Machinery, M. Walker 
(Longmans, Green). 

Electrical Engineering Economics, D. I. Bolton (Chapman & Hall). 

Economic Tables for Electrical Engineers, D. J. Bolton (Chapman & Hall). 

Depreciation of Facbories and their Valuation, E. Matheson (Spon). 

Engineering Economics, T. H. Burnham (Pitman). 


* Aluminium paint appears to be fairly satisfactory. 
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I.E3.B. Papers. 

Principles Involved in Computing tlie Depreciation of Plant, P. Gill 
W. W. Cook. Vol. 55, p. 137. 

Engineering Specifications, J. Shepherd. Vol. 55, p. 363. 

(The reviews of process issued periodicaUy by the I.E.E. contain valuable 
information on standardisation and specification. See, for example, Standardisa- 
tion, P. Good. Vol. 64, p. 495). 

MlSCBIiLAlSrEOUS. 

I.E.E. Form of Model General Conditions for Contracts. 

I.E.E. Standard Glauses for Street Lighting Specifications. 

B.E.A.M:.A. Publications— Conditions of Sale; and Manufacturers’ Pur- 
chasing Specifications (§ 1069). 

Depreciation of Steam Plant, S. Howard Withey. The Steam Engineer, 
Vol. 2, pp. 263, 353. (Explaining diflerent methods of allowing for 
depreciation, and presenting typical examples of the necessaiy calcula- 
tions and hook entries.) 
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TESTING. 

1017. Performance of Electrical Machines.— The aim of the 

designer of electrical apparatus is efficiency in the broadest sense ; 
this includes the narrower conception of the ratio of output to 
input, together with such factors affecting fitness for service as 
insulation, regulation and polarity. Efficiency, per $e, is settled by 
the losses separately ; in general they comprise copper and iron 
losses, friction and windage. The temperature reached hy an 
electrical machine depends upon the magnitude of the copper and 
iron losses, the emissivity of the surfaces and the amount of heat 
abstracted hy the ventilating air currents. It is possible to pre- 
determine the actual temperatures to be attained in different parts 
of a machine with some accuracy, but since the life of insulating 
materials may be short (§ 80, Yol. 1) if the temperature be too 
high at the hottest spot, tests are undertaken to see that the 
anticipated performance is achieved. 

1018. Insulation Tests. — Insulation resistance measurements 
as applied to cables are considered in § 119, Yol. 1, and § 470, 
Yol. 2, and similar procedure is applicable to machines. Machinery 
windings are not usually enclosed in lead sheaths, however, and 
their insulation is somewhat hygroscopic ; they therefore have to he 
dried out before being put into use. Drying out may be finally 
done on site either hy heating elements or hy circulating currents 
through the windings (§ 403, Yol. 2), but initial drying out at the 
makers’ works is usually done in special heating chambers. Affcer 
baking at a temperature below the boiling-point of water (say 
90° G.) in a vacuum the windings are impregnated with varnish, 
and after drying are then ready for the high voltage test specified 
by the British Standard Specification applicable to the class of 
machine in question. Before the high voltage test an insulation 
test is taken by an ohmmeter (§ 120, Yol. 1). After transit and 
sometimes through lack of use a machine may show less than this 
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insulation resistance. If appreciably below the standard a further 
drying out is necessary. In such a case the resistance will prohablv 
fall further as drying commences, and it may remain very low for 
some hours. After a time, however, the insulation resistance will 
gradually rise, unless the material has been quite spoilt, and dryiiw 
should be continued until a steady state has been reached at a d^re 
reasonably near that initially specified. High voltage tests should 
not be applied to other than new machines at the values -provided in 
Standard Specifications. 


B^. Speoifioafaona differentiate between four classes of insulating materials 
Class 0 comprises unimpregnated textile materials; Class A is similar after im 
pregnataon mth varnish or oU; Class B consists of mica and simUar material bSt" 
up by the aid of varnish or other binder; and Class 0 covers mica, etc., witLu 

hinder, and ceramics. (-See §§ 70 ef aej., Tol. 1, particularly § 74 ) 

A,Kording to B.S.S. No. 168 (1926) the insulation resistance of a motor or 
generator, when tested at 500 V, must not be less in megohms than 

Bated volts 

idoo H- Rated output in kVA or B.H.P. 

ffigher values should not he specified, as their achievement may involve prolonged 
if temperature, leading to permanent damage to the insulation 

High voltage tests of motors and generators are as follows : 

3 B H ’'Tv A ^ °°° voltage 

3 hW or kYA per 1 000 r.p.m. and above ® 

with a minimum of 2000 V. 
Special voltage tests are specified for particular parts, c.y. field windings. Non- 

voIwTi'f ““fu 1000 V + twice the maximum 

vnlt ^ f f could be mdueed therem ; reversing motors with 1 OOO V + four times the 

the Vrith full primary voltage on 

the stator wmdmgs Supplementary high voltage tests on site are limited to 75 »/ 
rf these figures A temperature rise of 40° 0. is permitted for the windings of all 
except thme totally enclosed ; the latter are permitted a 50° C. rise,Tnd the 
sS “ f f ™<=5““tes, however, must be 

nf^trii 1 1 I. S?' »'^'’>^eviated tests on each similar machine, are 
a biA *^ 1 - ^ f about 60 aP. per 1 000 r.p.m., but each individual must undergo 
a high, voltage test. (See also § 670.) ° 


1019. No Load Tests. — A machine whose insulation is satis- 
tactory can be tested for performance in accordance with each of its 
designed functions. In the nature of things the first step is a 
no-load run, and this wiU give considerable information regarding 
he machine’s characteristics. Before running rotating machinery 
It IS necessary to cheek clearances and arrange suitable bearing 
lubrication barring the rotor round by band to ensure that it is S 
Clear _ The speed may then be brought slowly up to fuU rated 
speed in the case of a generator, or the starter operated cautiously 

796 



TESTING 


§ 1030 

in the case of a motor. A converter may be considered as a motor 
initially. A transformer can normally only be switched straight 
on, on one side. 

In conducting a no-load test on a generator the excitation should 
be slowly built up, taking frequent simultaneous readings of the 
field current and terminal voltage, at constant rated speed. If the 
speed cannot be held quite constant, simultaneous observations of 
speed and voltage should be taken, and the voltage corrected to the 
nominal speed by simple proportion. Thus if the correct speed is 
100 r.p.m. and the actual speed is 105 r.p.m., then the volts, if 
observed to be 210, would be corrected to 200. A curve plotted 
from these readings gives the 'open-circuit characteristic’ of the 
generator ; this is also called the ^ magnetisation curve.’ In some 
cases it may be practicable to measure also the power required to 
drive the generator, both unexcited and excited ; the former repre- 
sents almost wholly windage, journal and brush friction. The 
power taken by a motor on no-load represents these factors plus 
excitation and iron losses, but as an approximation the no-load con- 
sumption of a motor is often taken to represent the iron losses only. 
If the motor is a variable speed machine the speed should be 
measured against field current (D.C.), rotor resistance or brush 
position (A.C.). The no-load current of a transformer is almost 
wholly absorbed by the iron losses, and thus a no-load test gives an 
important factor directly ; this is because the magnetising current 
is in most cases so small that its losses in the conductors (copper 
losses) can be neglected. 

1020, Short-Circuit Tests. — These are usually applied only to 
A.C. machines, since they do not serve as a reliable guide to the 
commutating performance of D.C. machines owing to the lower 
voltages necessarily employed. An alternator is tested by arranging 
a short-circuit through a current transformer or transformers across 
its terminals, running at normal speed and observing excitation and 
generated current simultaneously up to the full-load value of the 
latter. For a 3-phase machine the short-circuit current .in each 
phase should be taken and the mean value plotted. The increase in 
power required to drive the alternator under test between no-load 
and full short-circuit current gives an approximate measure of the 
copper loss at full load, since the magnetic loading of the iron circuit 
is very light and therefore the iron losses may be neglected. From 
the open-circuit and short-circuit curves the excitation current 
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required for any load conditions can be approximately inferred by the 
graphical construction given in Fig. 416. Here 01 is the excitation 



at normal voltage and no-load; 
OX is the exciting current to 
give the fuU-load current on 
short-circuit, and IX will be the 
exciting current for full load at 
fun voltage. For power factors 
other than unity, set off OX^ at 
the angle of lag or lead, and read 
offonIZi. 


Fig. 415.— Variation of excitation . , aeomate oaloulations take 

current with load. account the additional excitation 

required (1) because of the higher 
saturation of the iron circuit on load due to the necessity of a greater internal 
voltage to overcome the reactance and resistance drop in the conductors ; and (2) 
because of the greater leakage from pole to pole with this higher saturation, ' If these 
factors he known from the design data it is possible to determine the ‘ regulation ’ 
of an alternator from the short-circuit and no-load curves. 


^ TraDsformer short-circuit tests are generally taken with the Lt. 
winding short-circuited. With normal frequency the voltage applied 
to the h.t. winding is gradually increased until full-load current is 
taken; the power input is then observed and represents the total 
copper losses in both primary and secondary, including both PB 
and eddy losses in conductors. At the same time the voltage across 
the windings gives a measure of the impedance voltage of the trans- 
former. With high impedance transformers, such as those often 
used with rotary converters, the power input will include an 
appreciable magnetising current loss. This may be measured by 
repeating the test with the short-circuit removed ; the open-circuit 
loss should then be subtracted from the total. Variable pressure for 
these tests may he obtained by alternator excitation control or by 
the use of an induction regulator. 

Induction motor short-circuit tests are taken with the rotor held 
stationary and short-circuited, a low voltage being applied to the 
stator windings at normal frequency and increased until full-load 
(or overload) current is passed. In these circumstances the iron 
losses are negligible, and the watts taken may be considered as the 
copper loss at the load corresponding to the current rating. This 
test, taken together -witff' .a no-load lB®ttf..gives the information re- 
quired for the cbnstrddtioii of a-e&cl&''diagfa^[, The no-load test is 

798 



TESTING 


1021 


taken with the rotor running with no external load; the rotor losses 
are then negligible and the watts absorbed will represent the iron 
losses, which are practically constant at all loads for a given voltage 
and frequency. The watts divided by the voltage gives the watt- 
component of the current, whence the magnetising current can be 
readily calculated. 

1021. Efficiency Tests. — Tests taken under load provide 
information about the operating characteristics of plant, e.g, the 
efficiency, regulation, temperature rise, etc. In the case of trans- 
formers the loads, both input and output, can he measured electrically, 
hut with generators and motors the input and output respectively are 
mechanical. Since mechanical power measurements are generally 
less convenient and less accurate than corresponding electrical 
measurements it is preferable to calculate efficiency by the sum- 
mation of losses method. The measurement of losses also involves 
smaller quantities, each of which can be observed more accurately 
than can the gross amounts. 


Generator efficiency = 
Motor efficiency = 


Output 

Output + losses ' 
Input - losses 
Input 


B.S.S. !No. 269 (1927) provides that efficiency measurements shall be made at or 
referred to a temperature of 75° 0. Four classes of losses in motors and generators 
are recognised : (1) In the exciting circuit there are losses in the shunt field, in 
the main rheostat, and the actual excitation loss. (2) Fixed losses include core loss, 
bearing friction, total windage loss, and brush friction loss. (3) Direct load loss 
comprises loss in armature windings, loss in series windings, and electrical 
losses in brushes. (4:) Stray load losses occur in iron, conductors, and brushes ; they 
are due to changes in fiux distribution caused by loading ; exact values caunot he 
accurately estimated but they are of the order of °/^ at full load (continuous maxi- 
mum rating) for uncompensated machines, and f °/o for compensated machines. 


Although special resistances, especially water tanks and troughs, 
have been used to dissipate the energy generated by dynamos and 
alternators on test, for aU large generators some form of the Hop- 
kinson hack-to-hack method is desirable and usual. Rough check 
tests can be carried out with the machines delivering to a commer- 
cial load. The hack-to-hack method is easiest when duplicate 
machines are available, but can be arrang ed in other conditions. If 
two like machines are and one 

is run as a motor as a back to 

^799 



§ 1021 ELECTRICAL ENGINEERING PRACTICE 

the driving motor. Losses can be supplied either electrically or 
mechanically through a motor whose efficiency curve is known. 

D.C. generators are generally connected for the Hopkinson test 
in parallel with each other and with a source of supply of the same 
voltage. The field strength of one is weakened, causing it to tend 
to increase in speed ; that of the other is strengthened, causing its 
voltage to rise. A circulating current is thus established between 
the machines, its magnitude and the speed of the combination being 
controlled by manipulation of the field rheostats. The power im- 
ported into the circulation from the mains indicates the losses in- 
volved in both machines, so that the efficiency of either can be 
readily ascertained, assuming, as is very nearly correct, that since 
the machines are almost equally loaded the total losses are equally 
divided between them. If no supply of suitable voltage is available, 
a mechanical drive from a calibrated motor can be used, similar 
arguments being applicable. In comparatively rare cases the 
machines may be run in series with a booster suitable for giving 
their rated current at a low voltage ; again, the power supplied in 
this way is a measure of the losses of the machines. 

The Hopkinson principle is also applicable to A.C. machines, 
but in this connection a manipulation of the excitations causes only 
a circulation of current out of phase with the voltage, without a 
power component. For some purposes, such as heat runs, that 
suffices, but if an actual circulation of power between the machines 
is desired they must be mechanically coupled with an angular dis- 
placement between their field systems, or with one frame displaced 
radially in relation to the other. The necessary displacement varies 
with the design and the amount of load to be circulated, but will be 
of the order of 25 electrical degrees for full load. Manipulation of 
the excitations of the two machines will in addition permit the power 
factor of the circulated current to be varied within wide limits. 
Losses can be supplied either in parallel at full voltage or in series 
at low voltage, as in the corresponding D.C. case. Generally, how- 
ever, it is more convenient to supply the losses mechanically through 
a D.C. motor, since this simultaneously provides a ready means of 
running up to speed. 

Transformers of the same design can also be tested back-to-back, 
the general method being to supply both low-tension windings from 
the same source and to connect the high-tension windings in op- 
position. In order to cause a circulating current to flow, the high- 
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or low-tension tappings on one transformer only are changed, or 
else a boosting transformer is inserted in series with one of the 
low-tension windings. 

An analogous method is available for the testing of duplicate 
motor-generators, rotary converters or motor converters. Generally 
the supply will be on the A.C. side and the machines can be arranged 
to circulate current on the D,C. side (through the D.C. bus-bars, if 
permanently erected). 

When duplicate apparatus is not available a machine may be 
loaded back on to several others in parallel, but the calculation of 
the losses becomes more complicated. If even this is impracticable, 
and in the case of small sets, arrangements must be made for the 
dissipation of the energy handled. A water resistance is convenient 
in many cases. For the loading of motors several excellent brakes 
are available, but these require cooling water. Even a 10 H.P. 
motor dissipates approximately 425 B.Th.U. /min., ix. raises 
1 gallon of water per min. through 42*5° F. Both for motors and 
dynamos re-generation is therefore much less wasteful, since only 
losses are dissipated. 

When none of these methods is applicable, as for example in the 
case of single large turbo-alternators, recourse must be had to watt- 
less loading. The machine maybe driven by a D.C. motor of rela- 
tively small size, and arranged to feed another or several machines, 
also motor driven and synchronised together. With the excitation 
of the fed machines reduced, and that of the machine under test 
somewhat higher than normal in order to maintain normal volts, 
wattless current may be circulated up to the full kVA loading of 
the set. The fed machines act as self-cooling chokes, and the power 
required is only that necessary to supply the total losses. In the 
machine under test the PjR losses are those of full load, but the 
rotor is slightly overloaded. By measuring the volume and tem- 
perature of the ventilating air a determination of the machine's total 
losses can be made, and by means of embedded thermo-couples the 
internal temperatures measured. Certain nianufacturing firms have 
constructed special large oil-immersed reactors for wattless tests. • 

-1022, Regulation Tests. — Given that sufficient power and the 
means to dissipate it are available, the experimental determination 
of the regulation of a generator, either A.C. or D.C., does not present 
any. difficulty. . Regulation ‘ down!'(§ 147,. Vol. 1) can be ascei^ined 
by setting the - excitation to that ^ necessary for normal volts, at 
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no-load and then applying full load. The drop in voltage, expressed 
as a percentage of normal voltage, is the Regulation ‘down.’ With 
full load still applied, increase the excitation sufficiently to give full 
volts and then remove the load. The difference between the open 
circuit voltage thus obtained and the normal voltage, expressed as 
a percentage of the latter, is Regulation ‘ up.’ It will be necessary 
in each case to regulate the speed to normal, but the tests also pro- 
vide an opportunity, when carried out with the associated prime- 
mover, to check the regulation of the speed governor. 

1023* Heat Runs. Of all performance tests, those to determine 
the temperature attained in operation are perhaps the most im- 
portant. Any tendency to excessive heating must involve a 
reduction in the rating of the plant and thus increase its cost. The 
maximum temperature allowable depends on the material being 
heated, and, since several kinds of material are employed in elec- 
trical machinery, that part which first reaches a given temperature 
may impose a limit to the capacity of the whole apparatus which 
could be safely exceeded by other parts. The limit of capacity may 
be actually set by the approach of any local spot to the maximum 
temperature for its material. Only in rare cases does the mean 
temperature of a machine approach the maximum hot spot tempera- 
ture, and the point of maximum temperature is usually inaccessible, 
even if its location is known in advance. Thermo-couples built into' 
machines sometimes give valuable information regarding hot spots; 
in other cases, e.g. transformers, a thermo-couple located in the 
hottest part of the oil is surrounded by a special winding having the 
same thermal characteristics as the main winding and carrying a 
current proportional to the load. 

1024. Temperature Measurements. — Three methods of 
measuring temperature in electrical machinery are recognised in 
British Standard Specifications, viz. : (a) Thermometer method, 
(&) Resistance method, and (c) Embedded temperature detector 
method. The following notes sunomarise these methods, but the 
wmplete text must, of course, be read for the purposes of comply- 
ing with the Specifications. 

Thermamter Method.— yfh.eD. the thermometer is used it should be appUed to 
the hottest accessible surfaces of the stationary parts of the rr.a.r.hir.c during the 
test pen<^, and other thermometers should he applied to the accessible surfaces of 
the rotating parts as soon as the machine is stopped after the test. 

The term ‘ thermometer ’ here includes mercury and alcohol biub thermometers. 
When bulb thermometers are employed in places where there is any varying or 

802 



TESTING 


1034 


moving magnetic field, alcohol thermometers should be used in preference to mercury 
thermometers, as the latter are liable to read high owing to the heating effects of 
eddy currents induced in the mercury. 

In all cases the bulb of the thermometers, except at the point of contact, should 
be covered with a pad of felt, cotton wool or other non-conducting material 
thicls:, extending at least |-m. in every other direction from the bulb, and pressed 
into contact with the surface to which it is applied to prevent loss of heat by radia- 
tion and convection from the bulb. 

Besistanca M&tJwd. — In this method the mean temperature rise of the windings 
is determined by the increase in resistance of the windings themselves. As a check, 
thermometers should he applied to the accessible surfaces of the windings to ascertain 
whether there is any higher local temperature. The highest of the temperatinres 
thus found should be taken as the temperature by the resistance method. The 
temperature of the windings as measured hy thermometer before commencing the 
test should not diSer from that of the cooling medium, i.e, usually the ambient 
atmosphere- The initial resistance and initial temperature of the windings should 
he measured at the same time. 

Siuce the resistance of copper over the range in question varies in direct propor- 
tion to the temperature (above minus 234*5° G.) the ratio of hot to cold temperature 
may be obtained from the ratio of the resistances hy the formula 

Bg Tg® CJ. -b 234*5 
0. + 234*5’ 

where 

B 2 — Resistance of windings hot, ohms. 

Bi = Resistance of windings cold, ohms. 

Tg Temperature of windings hot, °G. 

T, = Temperature of windings cold, °C. 

The following precautions require attention : — 

(a) When measuring the temperature rise of machine windings hy increase of 
resistance as a commercial test, more than commercial accuracy is required if 
accurate deducjjons of temperature are to be obtained. The temperature coefficient 
of increase of resistance of copper for 1° G. rise is approximately 0*4 %, so that 
instruments must read within this percentage if the temperature is to be deduced 
within 1° G. The determination of the resistance therefore to the thdrd significant 
figure does not always determine the temperature to within 1° G. For instance, if 
the resistance of a coil is about 1 ohm, its resistance at a higher temperature, in 
order to determine that temperature with accuracy, must be measurable down to 
four-thousandths of an ohm. 

(h) In order to determine temperatures of the windings when hot, an accurate 
measurement of resistance and associated temperature must be taken when the 
windings are cold. Special precautions should he taken in the case of large maohiaes 
in view of the inaccessibility of the windings and the possibility of unequal tempera- 
tures in different parts of the machine. These cold readings should, therefore, be 
taken after the machine has been standing for some time, so that it may have 
assumed the temperature of the surrounding atmosphere. With large machines 
this length of time may quite well he 24 hrs. or longer, and in engine-rooms which 
are subject to fluctuations of temperatures further precautions will be necessary. 

(c) In the case of rotor windings the resistance of the brush contact is appreci- 
able and should be eliminated from the measurement of the resistance of the wind- 
ings, In order to do this a special brush should be used which is insulated from the 
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rest of the brush gear and serves only to carry the small voltmeter current from the 
ring surface. 

Embedded Tenuperature Detector Method, — ‘Embedded temperature detectors’ 
are resistance thermometers or thermo-couples (§ 122, Vol. 1) built into the machine 
during construction at points which are inaccessible when the machine is completed • 
the term does not include the necessary measuring instruments- When the internal 
temperature of a machine is to be measured by this method, at least six detectors 
should be built into the machine, suitably distributed around the circumference 
within the slots, all reasonable efforts consistent with safety being made to place them 
at the various points at which the highest temperatures are likely to occur. When 
the winding has more than one coil per slot, the detector is placed between the upper 
and lower coils in a slot ; in the case of a winding with only one coil per slot, the 
detector is placed between the outside of the coil and the inside of the slot lining at 
the bottom of the slot. 

Measurement of Temperature of Cooling Air. — In general the temperature of 
the cooling air should be measured by means of several thermometers placed at 
different points round and half-way up the machine and at distances of from 3 to 
6 ft. away from it. These thermometers should be so placed as to indicate the tem- 
perature of the current of air flowing towards the machine, and should be protected 
from heat radiation and stray draughts. 

If the air is admitted to the machine through a definite inlet opening or openings 
(as, for instance, in the case of induced draught or forced draught machines), the 
temperature of the coohng air should be measured by means of thermometers placed 
in the current of incoming air near its entrance to the machine. 

The value to be adopted for the temperature of the cooling air during the tem- 
perature test is the mean of the readings of the thermometers mentioned above, taken 
at equal intervals of time during the last quarter of the duration of the test. In 
order to avoid errors due to time lag between the temperature of a large machine and 
the variation in the temperature of the cooling air, all reasonable precautions must 
be taken to reduce these variations and the errors arising therefrom. 

Time at which Temperatures are to be Taken, — The temperature of a maohine 
should, whenever possible, be taken during working as well as after stopping the 
machine, the highest temperature thus obtained being adopted. When successive 
measurements show increasing temperatures after shutting down, the highest value 
should be taken. In the case of 2 X)tating parts, if the interval between the cutting 
off of the power and the machine coming to rest is considerable, suitable corrections 
must be applied so as to obtain as nearly as practicable the temperature at the 
instant of shutting down. 

Measurement of Surface Temperatures, — The absorption of heat by a cold 
thermometer bulb applied to a hot surface causes a local drop in the temperature of 
the latter, and if the material concerned be of a low thermal conductivity, e,g, cotton 
insulation, it may he 5 mins, or more before the correct surface temperature is in- 
dicated. Mercury thermometers with flattened bulbs and reflecting screens, designed 
for more or less continuous application to hot surfaces, are liable to cause local over- 
heating when applied to material of low thermal conductivity ; the thermometer 
reading may then be appreciably higher than the temperature of the surface in the 
absence of the thermometer. Though the accuracy obtainable with mercury thermo- 
meters is sufi&eient for many commercial purposes, the use of thermo-couples is 
preferable for laboratory measurements or for special tests. 

As regards temperature correetion for altitude, when a 
m^chiije iijtieQded for service at altitudes between 3 300 ft, and 
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10 000 ft. is tested near sea-level, the limits of temperature rise for 
the test as given in Table 112, § 670, shall be reduced at the rate 
of li 7o ^ ^bove sea-level at vp-hieh the machine is 

intended to work in service. The correction shall not he applied 
for altitudes below 3 800 ft. 

1025 - Heating and Cooling Curves. — In normal testing 
practice, efficiency and other tests will he combined with a heat 
run, the temperatures attained at the end of a specified time carry- 
ing a specified load being ascertained by the methods outlined above. 
In some cases electrical apparatus is short-time rated, i.e. is intended 
for duties varying in more or less definite cycles. Such equipment 
includes crane and lift motors, rolling mill motors, some traction 
motors, etc. It would be inconvenient to reproduce the specified 
cycle at length in the test shop, and the better method is to plot 
heating and coohng curves, from which it is possible to infer with 
safety whether or not the equipment complies with the specification. 
These curves are also useful in other connections, for by their aid it 
is possible to predetermine the maximum steady temperature that 
would be reached by a machine without actually loading it suffi- 
ciently, or for a sufficient time, for that state to be attained. The 
method is approximate only in that its calculations are based on 
the assumption that the heated body is heated uniformly and radiates 
heat uniformly ; it would be strictly correct, therefore, if applied to 
a vessel containing water, well stirred, but it is subject to minor 
and irregular inaccuracies as apphed to a machine such as a motor. 

Referring to Fig. 416, the excess temperature above ambient temperature is 
plotted as ordinates and time as abscissae. After starting heating, the excess tem- 



Rig-. 416. — ^Heating and cooling curve. 

perature, tft,, is read at the expiry of time a:. It is again read, ia, at any time after 
heating has been stopped, and again, hi at a time x (equal to the x interval during 
heating) after 
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(iinax. - / imax. = hUa 

Wx. = «A/(«e-U 

Also, if P be the power in watts and h the radiation coefficient, 

Jc =5 0*238 P / imax. 

If M be the water equivalent of the body tested, 

M = 0-238 P / W. ( ^ logio I) • 

If p be the heating time constant. 


The time taken to reach a fraction, n, of the final excess temperature is 

’ 2-32) log, (, 

The equation for the heating curve is 

iji = ^max. (l - 1/e^ ). 

Tile ei^uation for tlie cooling curve is 

1026 . Location of Faults in Machines. — Faults in electrical 
equipment generally originate through a failure of insulation. Since 
most electrical systems are earthed either deliberately or through 
the existence of some other fault an insulation failure leads to 
a short-circuit and should be followed by the operation of the circuit 
fuses or circuit-breakers, thus isolating the faulty equipment In 
sonae cases, however, an insulation failure may result only in a short- 
circuit between turns, for example, in a motor shunt field coil. The 
result would he an increase in current in the circuit, which may or 
may not he sufficient to cause further insulation breakdown by 
excessive heating, according to the amount of the winding short- 
circuited. The short-circuiting of a turn or turns in a transformer 
winding is practically certain to result in a bum-out due to the 
current^ induced in the short-circuited turn by the magnetic flux, 
Short-circuited armature coils cause undue heating and sparking at 
the commutator. Faults in machineiy are, however, sometimes 
elusive, owing either to their high resistance, their appearance only 
at certain speeds, or other factors. In order to guard against the 
operation of faulty plant, the insulation resistance of individual 
units should he tested periodically and the results logged On the 
^currence of an abnormal test the cause should be sought without 
delay and the incipient fault removed To localise faults in 
machines it may be necessary to disconnect leads piecemeal; care 
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should obviously be taken to check reconnectioiiLS, especially the 
shunt and other field windings. Y ery high resistance faults may 
require breaking down before they can be localised This may be 
best accomplished by the application of 2 000 Y or more D.C., ob- 
tained by valve rectification (§ 481) if the apparatus is inductive, 
but the current that can he passed through the fault should be 
limited to a few amperes in order to avoid unnecessary extension of 
the damage. 

Short-circuited turns and even faults due to short-circuiting hy 
carbon dust, etc., can be treated by a ‘ Ducter ’ testing set (VoL 1, 
5th edn.), which is an ohmmeter for measuring resistances from a 
few ohms down to 1 microhm. Such sets are commonly used in 
electric railway and tramway shops. 

1027* Cable Testing, Before and After Laying. — ^The pro- 
perties of rubber, textile materials and paper have been considered 
in Chap. 2 and § 287, Yol. 1. Rubber is little used as an in- 
sulator except for relatively small cables and wiring, and for short 
connections between machines, instruments, etc. Textile and similar 
materials are largely employed as indicated by their qualities (§74) 
in the insulation of conductors in machines. Paper, impregnated 
with compound, is almost exclusively used for the insulation of high- 
tension cables, the testing of which is now considered. 

The conductors of cables are seldom tested for their ohmic 
resistance after manufacture, except as a preliminary step in the 
location of insulation faults (q.v .) ; their conductor sizes are 
standardised with small tolerances (see B.S.S. No. 7) and their 
scheduled resistances can be assumed correct for all ordinary 
purposes. It is necessary, however, to take into account the 
influence of temperature in any conductor test (§ 61). Tests 
before delivery are chiefly designed to ensure satisfactory insula- 
tion. For this purpose, bending, voltage, and insulation resistance 
tests are applied. 

B.S.S. ISTo. 7 specifies, inter alia, that a bending test shall be applied to a sample 
of a length 60 times its overall diameter. The sample shall be bent around a barrel 
whose diameter is 12 times the cable diameter, first in one direction and then in the 
other three times, making 6 bends in all, after which the sample must withstand its 
appropriate voltage test. For the latter a length of cable shall be immersed in 
water for not less than 24 hrs., and then have applied to it, between conductors and 
between conductors and earth, an alternating voltage of approximately sine~wave 
form at any frequency between 25 and 100 cycles per sec, ; this voltage shall be 
applied gradually and maintained constant for 15 mins. The testing voltages to be 
applied are shown in Table 219, 


807 



§ ia 28 ELECTRICAL ENGINEERING PRACTICE 

Ta.bxe 219. — Te^t Voltages for Gables at Works and When Laid 
annd Jointed. (See also B.S.S. No. 7.) 


Working 

Voltage. 

Type of Insulation. 

Testing 
Voltage 
at Works. 

Testing 
Voltage 
Laid and 
Jointed. 

260 

Vulcanised India-rubber . , . 

1 000 

600 

660 

Jute, 0‘ute and V. Bitumen 

1 500 

1000 

660 

Paper, V.B., Paper and V.B. 

2 600 

lOOO 

2 200 

11 19 11 11 11 

6 000 

4000 

3 300 

11 11 11 11 11 

10 ooo 

6000 

5 500 


16 000 

10 000 

6 600 

19 19 11 91 11 

18 000 

12 000 

11 000 

> 19 11 11 91 11 

25 000 

20 000 


For systems of 2 200 V and higher the testing voltages between conductors and 
earth are diminished to 60 °/o of the values shown in Table 219 if the neutral is 
earthed. For concentric systems with the outer normally earthed, a testing voltage 
of 2 600 y at works (1 000 V laid) is to be applied between outer and earth, irrespective 
of the working voltage of the system. 

1028. High Voltage Cable Tests. — In extra-high-tension 
work the high voltage test may be either A.C. or D.C. During 
manufacture it is applied to individual drum lengths or to a few 
drums only at a time, so that the capacitance is not very high and 
A.C, may he conveniently used without necessitating a large trans- 
former. When laid, however, it may be desired to test several 
miles of cable at once and a transformer of several hundred kYA 
rating might be required to supply the leading wattless current 
taken by the capacitance. Hence D.C. testing is frequently 
adopted, although the ratio of D.C. voltage to A.C crest value 
varies somewhat for different insulators and at different tempera- 
tures. Experience appears to show that D.C. of a given voltage 
may, in the case of buried cables, be almost twice as severe a test 
as the corresponding AC. crest voltage. Several means are 
possible to produce high-voltage D.C., e.g. a number of small 
dynamos in series, the mechanical rectification of AG., and 
thermionic valve rectifiers. Because of their relatively small 
hulk and simple operation valve rectifiers are now usually em- 
ployed, several forms being available (§ 419, YoL 2). 

Great caution is necessary in pressure testing, particularly with extra-high- 
tension. Everything that may be touched must be solidly earthed. After a core 
hebs had voltage applied to it, it must be earthed for several minutes before it can be 
considered dead- All temporary wiring should be mechanically strong whether the 
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cunent; is large or small, and so connected that alterations and final earthing are 
done by proper switches with adequately insulated handles or by isolators through 
a wood or other properly insulated switeh-stiek. 

1029. Cable Insulation Resistance.— The insulation resist- 
ance of cables is frequently measured at manufacturers’ works by 
means of a direct-reading galvanometer (§ 96, YoL 1), but when 
laid most usually by a portable ohmmeter (§ 119). In the former 
case the charging current taken by a cable causes the galvan- 
ometer pointer to swing far beyond the reading at which it finally 
settles, and in fact the leakage current does not become quite 
constant for a matter of hours. By arbitrary custom, however, 
the reading of the galvanometer after an electrification of one 
minute is taken to indicate the leakage current. 

1030. Cable Power Factors. — Such insulation tests as are 
mentioned in the preceding paragraph become impracticable at 
high voltages and, moreover, yield data which are found in 
practice to give httle information as to the quality and probable 
length of life of the insulation. There is, at the time of writing, 
no perfectly acceptable method yet available which, by means of 
a short time test, provides a basis for the logical predetermination 
of the behaviour of cables for voltages above about 3S kY, although 
much research is being devoted to this matter. The effects of 
voids in layered insulation are known to be prejudicial (§ *79, Yol. 1) 
and manufacturers endeavour to avoid them. The ideal insulation 
for any cable would partake of the nature of an air condenser ; its 
charging current would lead on the voltage by exactly 90° and 
there would he no component in phase with the voltage. In other 
words, the power factor of the charging current would be zero. 
Any component in phase with the voltage must cause wattage 
dissipation in the insulation (hence heating) and tend towards 
degradation of the insulation; thus a measurement of the power 
factor of the charging current of a cable gives some information 
of value in the estimation of quality. If, moreover, the power 
factor is found to remain sensibly constant after several cycles of 
heating and cooling, such as are experienced in the commercial 
working of a cable owing to variable loading, it is a fair inference 
that the insulation is stable and likely to have a long useful life. 
Hence the testing of extra-high-tension cables is mostly directed 
to the accurate measurement of the power factor of the leakage 
current through the insulation 
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Instead of measnring the cosine of the angle of lead, actual 
measurements give results in terms of the tangent of the angle by 
which the leakage current departs from its ideal 90° lead. Since 
this angle is very small the measured quantity is closely approxi- 
mate to the former value, and indeed the voltage multiplied by 
the current and the ‘power factor' so found can be taken as 
equivalent to the watts dissipated in the insulation. One method 
of measuring the power factor consists of a wattmeter reading, 
but the Schering bridge method is generally considered more 
accurate and convenient. The difficulty with a wattmeter is that 
the multiplying resistance in circuit with the voltage coil of the 
instrument (§ 109, Vol. 1) necessarily introduces a capacity to 
earth for which it is difficult to compensate or otherwise make 
allowance for in testing. The nearest approach would he to 
shield each section of the resistance, maintaining the shields at 

appropriate voltages to earth, and 
this is obviously not easy to ar- 
range without excessive bulk and 
complication ; various methods 
have been proposed and adopted 
(see Bibliography, § 1038). 

The Schering bridge is made 
in several forms ; in one very 
convenient pattern, when balance 
is obtained, the power factor of 
the condenser (or cable) under test is read direct. There are four 
arms, as indicated in Fig. 417. The insulation of cable A, in 
series with a variable ohmic resistance R, is in parallel with a 
standard air condenser X in series with a fixed ohmic resistance 
F, and the latter has a variable condenser in parallel with it. The 
galvanometer Q is of the vibration type (§ 96, YoL 1), consisting of 
a moving iron, carrying a mirror and suspended between the poles 
of an electro -magnet having two windings. One winding takes 
the out-of-balanee current (A. C.) of the bridge, whife the other is 
traversed by a direct current, the value of which controls the 
peri^ of vibration of the moving iron instead of varying the 
tension^ of the suspension for that purpwDse. TVhen the bridge is 
balanced there will be no A.O., and the spot of light reflected from 
the galvanometer mirror will cease to vibrate. If the values of the 
arms B and X are fixed, it follows that when balance is obtained 
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tlie power factor of the branch Y will measure that of A . The 
power factor of branch F == 2 fBG, where R is in ohms and C in 
farads. If (7 is calibrated in microfarads and the standard frequency 
is 50 the reading will be 1 : 10, if the value of JS is fixed at 
IOOO/tt = 318*4 ohms. In order to avoid the effects of capacity 
currents due to the capacitance of the bridge connections, all of the 
latter are guarded by earthed shields, as indicated by the dotted 
lines in Fig. 417. Frequently other refinements and methods of 
compensating for capacity and leakage currents are introduced in 
practical working. 

Such a bridge is suitable for measuring the power factor of the 
insulation currents of cables on drums or otherwise having their 
sheaths insulated from earth. In the case of laid cables it is 
essential to arrange the earth con- 
nection direct to the cable sheath. 

The arrangement shown in Fig. 

418 has proved useful, hut it is 
necessary to take two measure- 
ments. The first is made without 
the core of the cable connected to 
the bridge, and takes into account 
the leakage paths and capacitances 
existing apart from the cable insula- 
tion. The second measurement, 
with the core connected, gives an overafi figure from which the 
true power factor of the cable alone can be calculated. 

1031. Testing- Live L.P. Systems. — The effects of leakage 
currents from low-pressure systems are not so immediately dis- 
astrous as when high voltages are in question, and moreover it is 
commercially practicable to provide a higher factor of safety in the 
insulation. Low voltage cables and cable networks can be tested 
by direct-reading ohmmeters (§ 119, Vol. 1) and similar instru- 
ments, when disconnected from the source of supply, and fairly 
reliable tests may also be taken on a complete system while alive. 
In the simplest case of an unearthed two-wire D.C. system, let the 
insulation resistances of each main be represented by resistances 
jSi and Eg respectively. Connect Rg (Fig. 419), which may be the 
resistance of a voltmeter or a relatively low resistance, according to 
conditions, in parallel with Ej and observe the voltage across it 
— V^. Then the current passing through and Rg in parallel 
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Pig. 418. — ^Modified airangeiaent 
of Schering l>ridge, for use in 
measurmg the power factor of 
insulation currents of laid cables. 
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must be equal to that passing through Ej, The combined resist- 
ance of Hi and is j and, by Ohni*s Law, the 

current is therefore / jKi + R^. The same current flow- 

ing through Rj may also be written E — Fj / Ej. Thus 

YiRiR, + ViR,R, = ERiR^ - YiRiR,. . (i) 

Similarly, after connecting R^ in parallel with R^ and measuring 
the voltage across it, we obtain 


Y,RiR^ + F^iJiiSa = ER,R. 
Thence F^Ei = V^R^, 


Rj — R^j 


Substituting (3) in (2), 


Y,R,B,. 


and 


R . - (Yi + F,)1 

„ - 

R - (F-, -f F.,)1 


( 2 ) 

( 3 ) 


Similar expressions may be obtained for 3-wire systems. 

An approximate method of ascertaining the insulation resistance 
of the neutral conductor of a 3-wire system is to apply an artificial 

earth leak of x amperes to one outer 
and observe that y amperes return 
through the neutral earthing resist- 
ance. Since the return current splits 
^ inversely as the resistance of the 

available paths, if 2J is the resist- 
Fia. 419.— EquiTaient resistance of ance of the earthing resistance, the 
^an^^^Msistartce!*^ insulation resistance of the neutral 

conductor = R[y f (x - y)]. If this 
resistance is low there may be more than one fault in the insulation. 

In any large system there generally exist several relatively high 
resistance faults simultaneously, and these tests taken while alive 
are not very helpfvd to localise such faults. It is preferable, there- 
fore, to arrange to isolate every part of a network periodically and 
to test such parts while dead. This routine procedure is facilitated 
by the liberal use of sectionalising points, by which means it is pos- 
sible to avoid interrupting the supply to consumers. 

As a rough continuous indication of the state of the mains, use 
may be made of the principles explained in § 4T2, Yol. 2. On a 
2-wire system two lamps are joined in series and connected between 
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the poles of the circuit in the po^er-house, the connecting wire 
between the lamps being earthed ; each lamp should be rated for 
the full voltage of the supply. If then the insulation of the two 
wires is equal, both lamps will glow equally red-hot ; if one lamp 
is brighter than the other, the pole to which it is connected has a 
higher insulation resistance than the other ; and if one lamp is out, 
and the other at full brightness, there is a bad earth on the 
former pole. In either case, if both wires are equally faulty there 
is no indication given. 

1032. Cable Fault Localisation. — Localisation of cable faults 
can be very accurately carried out in favourable circumstances. 
The type of test required depends on the type of fault, and this 
must be ascertained before localisation can be attempted In higb- 
tension cable work a fault often makes its location clearly evident 
by the mechanical damage due to the large amount of energy fed 
into it, but with modern high speed discriminating protective devices 
in use (Chap. 15, VoL 1) this is not always so, the faulty section 
being isolated before the fault has fully developed Some indica- 
tion of the location of a fault in low-tension cable networks where 
the cables are in conduits can often be obtained by the characteristic 
smell in the manholes. 

In general, cable faults can be divided into (a,) core to earth 
breakdowns, (V) core to core short-circuits, and (c) open circuits. 
The former are the most common and frequently develop into the 
second type. Open circuits are rare, except in districts liable to 
subsidences. All types of cable faults are most easily localised and 
their effects minimised in closelj^^ sectionalised networks protected by 
carefully graded fuses or circuit-breakers. 

Gore to earth, breakdowns can. he roughly localised by fall of potential tests, but 
these are not recommended on account of the difficulty of obtaining steady condi- 
tions. They consist of passing a current through the faulty cable to earth, using 
the distant part of the cable and a sound cable as a voltmeter lead to determine 
the drop in voltage between the near end and the fault. Knowing the current 
and the drop, the resistance can be calculated, and thence the distance of the fault 
from the hnown size of the cable and its resistance per yard. 

Loop tests of many varieties have been devised to locate cable 
faults. The principle loop tests are known as the Murray and 
Yarley, the former being more suitable for low resistance mains, 
i,e. large cables. AIL loop tests are special applications of the 
Wheatstone Bridge (§ 120, Vol 1). In order to eliminate variables 
it is essential to arrange that the fault is in the battery circuit, 
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Mwrray Loop.— The faulty cable is looped with a sound one at 
the far end and the combined resistance 6 + a: = is first deter- 
mined, by any bridge or other method. Connect as in Pig. 420 • 
the notation in this diagram is the same as that in Pig. 26 (§ 120) 
The arms a and h are then adjusted until balance is obtained 
Then® = r x 6/abut h = R ~ ®, hence® ^ Rr f (r + a). Thus 
the ‘ distance ’ of the fault in ohms is obtained. 



Sound Cetble 


— III. 


F&uItM Csib/e 

— X 


Mccivy 

Loop 

^ I 

— 


Fig. 420. — Diagram of Murray loop test. 


Varley Loop.— This (Pig. 421) is similar to the Murray loop, 
with the addition of a resistance y. Again x = r ^hja, but 
h = R - (x-y) hence x^r ^ (R ~ x + y) ’l a -= r(R + y) Jr + a. 
Thus the ‘ distance ’ of the fault, x - y ohms, can be obtained. 
If the ratio arms a and r are equal, the fault distance is 
R + y f 2 ohms. 

Portable instruments for conveniently carrying out these tests 
are available in various forms. Pig. 422 shows the Bridge Megger 


Hound Cab/e 
^ Cab/e 

— ||i< 


Lle&yy 

Loop 

U 


Fig. 421. — ^Diagram of Varley loop test. 

connected up for a Varley loop test on a three-core cable, one core 
which has an earth. If L is the total resistance of the loop and 
R the resistance required in the resistance box to obtain balance 
on the galvanometer, then D, the distance of the fault in ohms, is 
{L - R) 1 2. 


to arrange that the loops at the far end shall be of negligible 
I ^ coimeotioiis to the bridge resistances; any aUowanoe for 
su^ le^s in the foregoing tests involves simple subtraction from observed resistance 
Si, results as a percentage of the total 

f “y allowance for leads into an 

equivalent length of conductor of the cable section. If the whole of the cable 
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concerned in such tests is not of the same section, the section of one length must be 
taken as standard and the lengths of the remainder converted into the equivalent 
length of that section. 

The slide wire equipment for localising faults substitutes 
a length of wire that can be tapped at any point for the arms 



Fig. 422 . — Connection of * Bridge-Megger ’ for fault location by Yarley loop test. 
(Courtesy of Eversh^d & Vigncles, Ltd.) 

a, and in a Murray loop test. The position of the battery tapping 
is varied until no deflection is shown on the galvanometer, in which 



Fig. 423.^ — Slide wire test connections. 


condition the ratio of the amount of wire on either side of the tap- 
ping is the same as the ratio on the cahle resistance on either side 



Fig. 424. — High voltage slide wire test for high resistance earth. 


of the loop up to the fault. Fig. 423 shows the connections of 
a low voltage testing set in which the wire is mounted on a cylinder 
which can be rotated. Fig. 424 shows the same principle applied 
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in a high-voltage testing equipment for the location of a high 
resistance earth ; the distance D is given by Ll-^ / 

In eases in which no sound core is available with which to form 
a loop (as when the fault involves all three cores of a cable) the 
use of pilot or telephone cables is practicable, or a special lead may 
be run temporarily for the purpose. 

It is difficult to obtain reasonable accuracy with the Varley loop 
test unless the resistance of the loop is at least 1 ohm ; this test 
should therefore not be used with low resistance cables. 

Localisation of open circuits is more difficult on low-tension 
than on high-tension mains because the only practicable methods 
involve the capacitance of the insulation of the cable and this is 
generally less perfect in the first case ; also it may not he permis- 
sible to use a very high charging voltage on low-tension gear and 
hence the amplitude of the testing current will be relatively low, 
tending towards small and unreliable instrument readings. A 
normal test requires only a changing battery, a change-over dis- 
charge key and a galvanometer. Using great care to avoid 
promiscuous leakages, the cable core which is broken is charged 
from one end to a given voltage and then discharged to earth 
through the galvanometer. This is repeated from the other end, 
noting the deflections in each case. The position of the fault 
is determined by the ratio of these readings. Alternatively, if 
similar cores are available, one being open-circuited at a fault, 
the capacitance of a sound core can be compared with that of the 
core which is broken. Another method consists in determining the 
actual capacitance from each end by comparison with a variable 
condenser. All of these tests are applicable only to cable which is 
of the same conductor size and has uniform thickness and type, of 
insulation throughout its length. 

Inductive Localisation . — A difierent method of fault localisa- 
tion on low-tension cables, using an inductive coupling to a telephone 
circuit, has been employed with success in some cases. In A.C. 
systems a small current, restricted by a suitable resistance or 
choke, is allowed to flow along the damaged cable and back 
through the fault and earth. An exploring coil (say 250 turns on 
a triangular frame of 3-ft. sides) in series with a telephone receiver 
is then passed along the route of the cable, the hum due to the 
fault current beirig heard in the receiver until the fault is reached.' 
Theoretically, the sound should cease beyond that point, but in' 
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practice the fault current does not wholly return by the cable 
sheath and. armouring, and the stray current may affect the tele- 
phone beyond the fault. Usually, however, there is a sulOBciently 
distinct variation of the received signal in the region of the fault 
to locate it within a short distance. On a D.C. system some 
type of interrupter is necessary in the feed to the faulty cable to 
enable the telephone to pick out the variation in flux due to the 
current passing ; a thermal or other ' flicker ' interrupter as used 
in certain lighting display signs can be utilised for this purpose. 
The method is not easily applied to A.C. mains where the faulty 
cable follows the same route as other cables which must remain 
alive, nor can good results be expected where the cable is heavily 
armoured and deeply buried. A somewhat similar method can be 
used, however, to identify cables, healthy or otherwise, whether 
armoured or not. The marking current is similarly applied, hut 
interrupted by clockwork or similar means for a fraction of 
a second or two. The telephone search coil is compressed into 
a smaller size so that it can be brought close to the cable in 
a trench or manhole, and an amplifier may he necessary. A cable 
carrying normal current will induce a continuous hum in the tele- 
phone circuit, whereas the cable carrying the marking current 
will be identifiable by the superimposed periodic interruptions in 
the hum. 

1033. Testing Ceramic Insulators. — Porcelain, glass, and 
steatite are employed for insulating purposes at all voltages (Chap. 2, 
YoL 1). It is impracticable to test individual insulators of this kind 
for insulation resistance on the same lines as a cable, and the tests 
applied are designed to discover the ultimate break-down values, 
electrical and mechanical, of a type, and subsequently to ensure 
that individual insulators do not depart seriously from the typical 
values. ^For extra-high voltage insulators it is now usual to employ 
routine tests with normal and high frequencies ; and insulators are 
also subjected to impulse surges in type tests. The necessaiy high 
voltages are obtained, as regards normal frequencies, by transformers 
similar to the ordinary power type, but usually single-phase and 
with specially designed windings and insulation. By means of 
series (cascade) connections, Fig. 425, in which the cases of the 
second and subsequent transformers are insulated from earth and 
maintained at a definite voltage relation with their windings, very 
high voltages may be obtained, reaching 1 000 kY or higher crest 
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value. The transformer connections are brought out through 

bushing terminals (§ 368. Vol. 1) and considerable space is required 

to give the necessary clearances. The voltage obtained is measured 
by (a) ratio calculations, and (b) sparking distances between spheres 
( § 105). Such sphere gaps are often made adjustable by remote con- 
trol. but this is not essential for routine tests where a definite voltage 
can be arranged and indicated on a suitably calibrated instrument 
connected to the primary circuit. A hundred or more similar in- 
STilators are arranged in a batch on a conductive table, and a small 
chain makes contact with each from a suspended H.T. framework 
so that all are tested simultaneously in parallel ; the character of 

the discharge is en- 
tirely changed if one 
insulator breaks down, 
and the faulty one is 
readily observed. For 
this typical routine 
test, and indeed all 
high-tension testing, 
the whole of the gear 
other than the insul- 
ated control apparatus 
is protected by rails 
and guards, the doors 
in which are inter- 
locked with the control 
switches, so that volt- 
age cannot be applied 
with the gear acces- 
sible. 

High frequency, high voltage tests are employed, inter alia, to 
detect air voids in compound-fiUed porcelain bushes. They are 
applied generally by means of an air-core Tesla transformer, the 
primary of which is fed from a normal frequency circuit through > 
a condenser, an arc-gap being coupled in parallel across the mains. 
At a certain point in each voltage rise an arc starts across the gap, 
forming a discharge path for the condenser ; thus the circuit com- 
posed of the primary winding and the condenser is set oscillating 
at high frequency. The secondary of the transformer is ‘tuned’ 
to the primary by a parallel condenser, and raises the voltage of 
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the high frequency oscillations. In order to cool the are electrodes 
an air blast is usually employed. 

Impulse surges, imitating the steep-fronted transients due to 
lightning, are usually generated by means of the Marx multiplying 
circuit, a simplified diagram of which is given in Pig. 426. The 
number of steps can be arranged as required to give the desired 
surge amplitude, in relation to the initial voltage necessary to charge 
the condensers CC, As shown, the diagram indicates valve recti- 
fiers, but mechanical Pelon-type rectifiers may be employed. The 



Fig, 426. — Simplified M!arx surge generator circuit. 


condensers are thus charged in parallel through the resistances 
which are of the order of a megohm each. At their full voltage 
they break down the gaps GG, and discharge in series through 
them and the measuring gap M. Some part of the discharge 
passes through the charging resistances, this being the reason why 
they are made of a high value. High frequency voltages and 
surge impulses are utilised in testing other apparatus besides 
ceramic insulators, such as lightning protective gear and so forth. 

According to B.S-S. No. 137 (1930), porcelain insulators are to be tested with 
a voltage the crest value of which does not exceed 1*45 times its R.M.S. value ; this 
is commonly specified for most high voltage tests. The specified voltage must he 
sustained for 1 min. by a dry insulator, and then it is raised to determine the dry 
spark-over voltage. With the top and tie groove covered with lead foil and the in- 
sulator immersed in oil a specified ‘ puncture ’ voltage must he sustained for a period 
only long enough to read the voltage, the latter being only carried up to an actual 
puncture in type tests ; suspension units axe to be submitted to 1 *3 times the dry 
spark-over test voltage. Specified voltages must he reached in a 30-sec. rain test 
and as a wet spark-over. The water used is to have a volume-resistivity of 9 000- 
11 000 ohm-cms., to he within 10° 0. of the ambient temperature, and be applied at 
45° to the vertical at a rate eq[uivalent to 0*2 in. rainfall per min. The spray is to 
be in operation for 2 mins., with half the test volts applied, before the voltage is 
raised to that specified. A temperature cycle test comprises three repetitions of 
being heated in water at 70° 0. for 1 hr., then immediately immersed in ice and 
water not above 7° C. for 1 hr. ; the cycle to be followed by a routine high voltage 
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test. Suspension and tension insulators are to be submitted to eleotro-mecbanical 
tests comprising an axial tension of 2^ times tbe maximum working load for 1 min 
with tbe simultaneous application of 75 % of tbe actual dry- spark-over test volts’ 
For the routine high voltage test, a pin insulator is inverted and immersed in water 
to cover the testing terminal and any clamp or binder attached to the neck groove- 
the spindle hole is filled with water and a voltage applied which just causes sparking 
over. This voltage must be sustained for 5 mins, without puncturing the insulator / 

1034 . Testing Transformer and Switch Oil— The insulating 
properties of oil have been discussed in § 77, VoL 1, In order that 
satisfactory service may he given by oi] -immersed apparatus it is 
essential that the oil shall be in good condition, and tests to deter- 
mine its state are necessary not only for suppliers but also for 
users. Oil testing requires care and some experience, otherwise 
reliable results are not obtained. For this reason E.S.S. No. 148 
(1927) not only prescribes the values required but also the method 
of testing in each case. It adopts tbe Michie test for the tendency 
to sludge 5 explains how to determine the loss by evaporation, the 
flash-point and viscosity of an oil; prescribes a cold test, the 
method of testing the dielectric strength, the acid and saponification 
values and the tendency to copper discoloration. Specific gravity 
is not specified, since it does not appreciably affect the suitability 
of oil for transformer and switch use; the quotation of specific 
gravity, in conjunction with the other qualities, is,, however, useful 
as giving some indication of the source of the oil. 

B.S.S. 148 recognises two classes of oil : Class A oils are suitable for use in 
transformers working at temperatures above 80° 0. ; while Class B oils are for 
transformers whose temperatures do not usually exceed 75° 0. Tbe Michie test* for 
sludging comprises the maintenance of 100 grm. of oil at 150° C. for 45 hrs. in a 
flask fitted with a reflux condenser. Purified air is passed through the oil at tbe 
rate of 2 Htres per hr., and a piece of copper foil is present in the flask. The result- 
ing oxidised oil is diluted with petrol and allowed to stand for about 24 hrs. An oil 
is classed A or B according to whether the brown deposit (sludge) thus caused is less 
than 0*1 or 0*8 °/ ^ respectively. In America a * life ’ test is preferred, samples of oil 
being heated at 120° 0- in a rotating apparatus with a slow stream of air passing 
over them ; the ‘ life ’ is taken as the number of days before sludging begins. The 
Gle:man tar-value test consists in maintaining the sample at 120° 0. for 70 hrs., 
whilst oxygen is passing through it, and then measuring, hy chemical means, the 
degree of acidity developed. In neither the * life ’ nor * tar-value ’ tests is copper 
present. The Brown-Boveri test maintains oil at 112° 0. for 300 hrs. in the presence 
of copper, air and cotton, taking note of the amount of sludge and acidity produced 
and the decrease in tensile strength of the cotton. Other factors, including the 
presence of iron and electrostatic stress, are added in the tests advocated by the 
wedish General Electric Company, This test comprises the maintenance of the 
0 sample at 100° C. for 100 hrs., with an oxygen stream through it, in the presence 
of concentrio cylinders of iron and copper held at 10 kV per cm. apart ; other tests 
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are specified in order to obtain a measure of the rate of sludge formation as well as 
its total amount. 

Flash-point in the B.S.S. is measured by a Pensky-Martin apparatus and vis- 
cosity by Redwood viscometer. The cold test is to ensure that an oil is fluid at a 
specified temperature, and a definite procedure is laid down ; similarly, proof that 
the oil contains neither organic or inorganic acids, nor sulphur, is also required. All 
the foregoing tests apply chiefly to new oil supplies, but the dielectric strength test 
is of more general application ; it should he employed periodically and after centri- 
fuging or filtering to ensure that the oil has not deteriorated. The chief source of 
trouble with insulating oil is the presence of moisture, a small trace of which lowers 
the dielectric strength greatly; fibrous material in the oil also affects this condition. 
According to the B.S.S., the test is taken by observing the voltage at which a sample 
breaks down, the voltage being applied between two 13 mm. spheres 0*4 mm. apart, 
immersed in the oil contained in a case 100 x 55 x 90 mm., with the tops of the 
spheres 50 mm. below the top of the case. The initial voltage is 10 kV, raised 
rapidly to 30 kV for 1 min. without causing hreak-down. ISTewly centrifuged oil 
sometimes withstands 70 kV. 

The oil used to impregnate paper insulation on cables is not 
tested apart from the paper except by manufacturers. Jointing 
compound for cable boxes is also seldom tested, although its 
dielectric strength with a given thickness and temperature gives 
some indication of its quality ; its percentage shrinkage on coohng 
is commonly quoted, dielectric strength of these materials 

can readily be ascertained with the same apparatus as that used 
for switch and transformer oils. Bitumen for solid filling is chiefly 
employed as a mechanical protection and its hulk is therefore 
important ; as it is purchased by weight its relative value varies 
inversely with its specific gravity. 

1035 - Meter Testing*. — Ordinary A.C. integrating meters 
(§ 115, VoL 1) measure the product of true watts and time, automati- 
cally compensating for power factor. On D. C. , ampere-hour meters 
are largely used, calibrated to read directly in kWh at a standard 
voltage (§ 114). The principal tests in every case are for (a) 
starting load, and (6) accuracy at various loads (and power factors, 
in the case of A.C.). In addition, tests may be taken of the watts 
consumed by shunt coils, and of the voltage drop across series coils ; 
these are quite straightforward, but should he taken after the coils 
have attained steady working temperatures. 

Except for large and important AC. meters, which may be 
tested singly, tests are generally carried out on batches of similarly 
rated meters. In order to avoid dissipating energy unnecessarily 
the current coils are coupled in series and supplied at low voltage, 
while the shunt coils are coupled aU in parallel and supplied at 
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normal voltage. Id the case of single-phase meters the series coils 
will have very small reactance and the current in their circuit will 
be^ practically in phase with the voltage ; the reactance of the shunt 
coils will he high and the current in them will therefore lag by ap- 
proximately 90° The exact quadrature relation between the fluxes 
due to these two currents is a necessary condition for the accurate 
measurement of inductive loads by single-phase meters ; it may be 
checked by connecting the coils to the phases of a 2-phase system, 
in which case no torque should result, ie. the meter should not start 
A supply for the current coils is usually obtained from a special 
transformer, wound to give up to about 10 Y and currents up to the 
maximum required for the testing work to be undertaken. An 
ordinary current transformer reversed should not be employed, on 
account of wave form distortion. Energy for the shunt coils may 
be taken from another transformer, generally with many tappings 
to cover a wide range of voltages. Instead of the two transformers, 
or behind them, two small alternators may be employed, direct- 
coupled to the same motor and with the frame of one alternator 
mounted so as to be movable through a certain angle. By this 
means a controllable phase diflerence can readily be produced 
between the current and voltage supplies, thus facilitating tests at 
other than unity power factor. Meters for use on different frequen- 
cies can be tested on their rated periodicities if the driving motor is 
of the variable speed type. Care should be taken to specify and 
ascertain that the alternators have voltage wave forms very closely 
approximating to the correct sinusoidal shape. 

If a phase-setting generator set be not available, tests at other 
than unity power factor can be undertaken by the insertion of 
a choking coil or other reactance in the current circuit, or, better, by 
the use of a transformer with a movable secondary, on the lines of 
an induction regulator (§ 142), employed to supply the shunt coils 
with a voltage having any required phase relationship with that to 
the current coils. When a 3-phase 4- wire system is available, two 
transformers coupled to the different phases on the primary side 
may have their secondaries, or tapped portions of their secondaries, 
in series, so as to obtain the desired phase shift, or a potentiometer- 
ike connection of resistances may be made across the phases, with 
a movable tapping point. The power factor is, in any case, cal- 
cu ated from the readings of standard voltmeters, ammeters, and 
wattmeters. 
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Accuracy tests depend for their validity upon the quality of the 
instruments used as standards. These are chiefly dynamometer 
wattmeters of special construction,* with their calibration curves 
known accurately by virtue of a certificate issued usually by the 
Kational Physical Laboratory. When it is necessary to use current 
or potential transformers with such instruments their calibration 
curves must also be known. 

When a batch of meters has been hung on the testing bench 
and wired up to the voltage and current terminals the shunt circuits 
and full load in the current circuits are switched on. Strictly, no 
testing should proceed until a steady temperature is reached, but in 
commercial testing it is usual to wait only until the shunts are fully 
warmed up. Similarly, after overload tests the meters should he 
allowed to regain normal temperatures before any further tests are 
taken. 

The minimum running current of each meter is then ascertained 
and the time taken to make three revolutions checked. The current 
should not exceed 0*5 of rated full load, and care must be taken 
to eliminate vibration. An over-voltage of 10 without current 
should not cause starting ; with clock-type meters a run of several 
hours is necessary to ensure that this requirement is met. The 
loading of the batch is then set (usually I, -J, or full rating) hy 
reference to the wattmeter and hy adjustment of a series resistance 
or of the generator field rheostat. Careful observation is made to 
ensure that the load remains quite steady during testing. Each 
meter is then observed in turn, a number of complete revolutions 
being timed by stopwatch. No reference is made to the index 
readings, but the correctness of the train of wheels should be 
checked at some time before or after the load test. 

The makers furnish each meter with a ‘ testing constant,’ gener- 
ally given as revolutions per kWh, but sometimes as watt-hours, 
watt-minutes, or watt-seconds per revolution. In the first case, if 
K is the maker’s constant and Kq the observed constant, obtained 
from a stopwatch-load test, the percentage error of the meter may 
be taken as 100 (K - Kq) f K. If, however, the constant is given 
in the form watt-hours per revolution the percentage error is usually 
taken as 100 (^K - Kq) / Kq. The percentage method of expressing 
the error is not ideal, however, and some engineers prefer to develop 


See, for example, illustration facing p. 162, Yol. 1. 
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their own constant, which is the factor by which the meter reading 
must be multiplied in order to bring its indication to the correct 
value. 

B.S.S. No. 37—1930 provides, inter alia, that the error shall be expressed as 
a percentage of the true kWh. If B is the registration and kWh the true units 
percentage error is 100 {R - kWh) J kWh, If T is the true time for correct mete 
and t the actual time observed for a given number of revolutions the uerceTi+flcm 
error is 100 (T - t) J L fjej^centage 

Other requirements of this specification are that over-voltage up to 10°/ for 
A.O. (5 % for D,0.) at loads between and full must not change the rate of reeis 
tration more than 1 %. On D.O. the change of voltage should he gradual and the 
vohage circuit not broken. For commercial grade meters a variation of frequency 
5 ®/o up or down must not affect registration more than 0*5 at unity power factor 
or 1*5 7o at 0*5 power factor. These tolerances are respectively 0*25 °/ and 0*5 °/ 
for a similar variation of frequency. ° 

Three-phase meters of the two-element type may be tested one 
element at a time, hut both voltage coils must be excited during 
each test. There are many possibilities of wrong connections. To 
check the accuracy of the connections, provide a unity power factor 
load and then open either the voltage or curreint circuits of each 
element in turn ; the elements remaining in action should drive in 
the same direction in each case. Alternatively, using any balanced 
load, the meter will stop if the voltage coil connections of the two 
elements be interchanged. 

Routine tests of large numbers of similar motor meters are 
sometimes undertaken by stroboscopic observation of the disc of 
each meter simultaneously with that of a rotating standard By 
means of suitable arrangements of mirrors it is possible to observe 
any differences of speeds very quickly, and even to estimate whether 
in given conditions the difference is within permissible limits, without 
any calculations or stopwatch timing. Practically all A.C. meters 
are now of the induction t 3 rpe, and these are much less affected by 
stray fields than was the dynamometer type previously in common 
use. Nevertheless, it should be specified that the accuracy of 
registration shall be unimpaired by stray fields, and the strobo- 
scopic method forms a convenient means of rapid checking, since 
It can be carried out readily with the meter to be tested mounted 
in any predetermined stationary or moving flux. 

Meters to be operated in conjunction with current and potential 
transformers may be either tested complete with these components 
or separately. The former is preferable, but it involves testing 
equipment .of much greater range than the latter method, which 
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necessitates merely the superimposition of the calibration curves 
of the three pieces of apparatus. A potential transformer may be 
tested for ratio by opposing it by a standard and measuring the 
difference. Its phase angle measurement is more diflScult, but it 
may be determined by opposing its voltage with a voltage across 
a non-inductive resistance potentiometer in series with a calibrated 
mutual inductance, setting the latter to give zero on a vibrating 
galvanometer. The errors of potential transformers are usually 
quite appreciable, as they may easily amount to 1 as regards 
ratio error and to or more as regards phase error, depending 
chiefly on the size of the transformer and the nature of the 
secondary burden. They are, however, constant over the entire 
current range of the meter with which the transformer operates. 
On the other hand, although the ratio and phase angle errors of 
current transformers are reasonably small at their rated burden 
they vary continuously throughout the range of the meter load- 
ing. Tests on current transformers for ratio and phase errors 
may he carried out by comparing the transformer under test with 
a standard transformer using a form of differential wattmeter 
with an auxiliary supply, capable of phase adjustment, to the 
pressure circuits. More absolute methods involve the use of 
non-inductive shunts in the primary and secondary circuits, the 
voltage across the shunts being equated by means of adjustable 
resistances and condensers or inductances' until a zero reading is 
obtained on a vibration galvanometer. 

The testing of D.C. integrating wattmeters follows similar 
lines to that of AC. meters, and, indeed, the same standard watt- 
meters can generally be used. For ordinary D.C. service pur- 
poses, however, ampere-hour meters are principally used and thus 
a standard ammeter is required instead of a wattmeter ; Kelvin 
ampere balances are still used in some cases for such work and 
are capable of very accurate results. 

Electrolytic and clock-type meters can only be tested by pro- 
longed load runs. It is preferable to arrange a batch of such 
meters in series with one of another type whose accuracy is 
known, rather than to attempt to control the constancy of the 
load for the whole period of a long run. 

1036. Testing Fans. — The efficiency of large fans, such as 
those used for mine ventilation, can be ascertained by comparing 
the electrical input to the motor with the power theoretically 
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required to move the amount of air against the head due to the 
resistance of the air circuit. For given conditions, an ‘ equivalent 
orifice’ can be calculated, and the fan may he tested delivering 
through an actual orifice, the characteristics of which are known. 
The determination of the efficiency of such a fan when erected in 
its normal operating conditions is not an easy task, however * it 
involves the measuring of both the static and velocity head pro- 
duced by the fan and the quantity of air moved. From these 
data, the power in the air can be calculated and thus the efficiency 
obtained. (See also §§ 763-765.) 

Methods of specifying the performance of industrial fans have 
been largely standardised as a result of the work of a Committee 
of the Institution of Heating and Ventilating Engineers appointed 
in 1927. Smaller fans, such as ceiling and desk types, present 
peculiar difficulties, since they are used without clearly defined 
inlet and outlet channels. Their performance is specified in 
B.S.S. 367 1929 and 380 — 1930. In these specifications all 

attempts to arrive at a true efficiency figure (i,e. the ratio of 
power in air to motor input) have been abandoned ; performance 
is specified in terms of the number of cubic feet moved per minute 
per watt input, this figure being called the 'Service Value.’ ^ 

B.S.S. 367 relates to ceiling fans, i.e. those of large diameter, medium-speed 
propeller type, and is limited to fans witli blade diameters between 48 and 60 ins. 
Investigations showed that with a fan of this type suspended above a four-sided 
screen the flow of air is characteristic ; it consists of a central stream of relatively 
high-speed^ air, only slightly larger in diameter than the blade sweep, and a sur- 
rounding induced stream. Only the volume of air moved directly in the central 
stream is considered. A standard screen is described, 15 ft. x 16 ft. x 10 ft. high, 
with the top covered except for the blade sweep and the bottom 1 ft. 6 ins. from the 
ground. An outer screen, 3 or 4 ft. beyond the inner screen, extends from the 
ground to at least 10 ft. high. The test plane is 5 ft. below the blades, and a 3-in. 
low velocity type rotating vane anemometer is used to measure the air flow at points 
on the diagonals of the screen li- in. each side of the fan axis and at intervals of 
3 ins. in each direction, the area .explored extending to a circle of twice the blade 
diameter. By taking the time for the movement of 1 000 ft. of air at each point the 
air moved in each annulus can he calculated, and thus the total air movement dis- 
covered and the * Service Value ’ determined. 

B.S.S. 380 is concerned with small diameter high-speed propeller fans of the 
desk type, with blade sweeps up to 16 ins. The fan is mounted so that there are no 
obstmctions within 6 ft. on the delivery and 3 ft. on the intake sides. Power taken 
by the osciUating gear is measured by readings with and without it .in operation, 
and must not exceed 5 of the total taken by the fan. Tests are taken with the 

As the demand for ceiling and desk fans is largely from India, opinion from 
that country was fully consulted ; and one of the authors (Mr. Meares) was a 
member of the B.S.I. sub -committee, 
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fan fixed. Air velocities are read by a 3-in. medium-velocity type rotating vane 
anemometer at points f in. each side of the blade axis and at points along 
a horizontal line at increments of ins. until a reverse reading is found. Each 
reading is the time taken by an ah movement of 1 OOO ft. unless more than 2 mins. 
Thus the average velocity over each annulus can be calculated and the total 
ascertained- 

Specimen calculations axe set out in Appendices to both these specifications. 
Precautions required include the elimination of extraneous air currents and heating 
apparatus ; and the fans are to be run for 1 hr. before readings are taken. 

Standard nomenclature and test methods are laid dovm in the Beport of the 
Committee of the Heating and Ventfiating Engineers. The conditions in each case 
should approximate to those for -which the fan was designed. It suffices to test at 
one speed- For a particular duty, the volume per minute may be taken to vary 
directly as the speed; the velocity head, resistance head and total fan head vary as 
the speed squared ; and the power varies as the cube of the speed. 

1037 . Testing the Wiring of an Installation. — The various 
types of wiring systems available for the supply of electricity to 
domestic and industrial apparatus are described in §§ 533 et seq., 
Yol. 2, and model specifications are there given. Tests to confirm 
the accuracy of the connections of such wiring and of its ohmic 
resistance are seldom necessary, though the former are desirable 
in the case of complicated motor control systems and so forth ; 
they consist of simple checking of the various circuits one at a 
time, by means of a dry battery and bell or lamp. Tests for 
insulation resistance are, however, necessary in even the simplest 
installation, and the LE.E. Begulcutions for the Electrical Equijp- 
ment of Buildings (Wiring Buies) include a section (127, Ninth 
Edition) on the subject. 

The specific requirements are prefaced by a note to the effect that the tests 
specified are intended to ensure that the installation is in a satisfactory state at the 
time of completion. The value of systematically inspecting and testing apparatus 
and circuits cannot be too strongly urged, and such periodical tests are essential if 
the installation is to be maintained in a sound condition and undue deterioration 
detected. All defects thus discovered should be made good without delay. 

Before an installation is permanently put into service the LE,E. Regulations 
require the following tests : — 

The insulation resistance shall be measured by applying between earth and the 
whole system of conductors or any section thereof, with all fuses in place and all 
switches on, a D.O. pressure of not less than twice the working pressure. Where 
the supply is derived from a three-wire (A.O. or D.G.) or polyphase system the 
neutral of which is connected to earth either direct or through added resistance, the 
working pressure shall be deemed to be that which is maintained between the outer 
or phase conductors and the neutral. 

The insulation resistance of an installation measured as in the preceding 
paragraph shall not he less in megohms than 26 divided by the number of points on 
the circuits, provided that : (1) Any installation shall not be required to have an 
insulation greater than 1 megohm ; (2) Lighting circuits shall be tested with all 
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lamps in place, except in the case of earthed concentric wiring systems ; (3) Heath 
and power circuits, with or without lighting points, may be tested, if desired, with 
the heating and power appliances disconnected from the circuits, hut with the lamt) 
(if any) in place ; (4) The insulation resistance het'pveen the case of framework and 
every live part of each individual dynamo, motor, heater, arc lamp, control gear or 
other appliance shall not be less than that specified in the appropriate British 
Standard Specification or, where there is no such specification, shall not be less than 
0*6 megohm. 

A note is added that, in addition to the foregoing tests, it is advisable, wherever 
practicable, to take an insulation test between all the conductors connected to one 
pole or phase and all the conductors connected to the other pole or phase of a 
system. 

The Regulations also provide tthat the metal conduits or metallic envelopes of 
cables, in aU cases where such methods are used for the mechanical protection of 
electrical conductors, shall be tested for electrical continuity, and the electrical 
resistance of such conduits, measured between a point near the main switch and any 
other point of the completed installation, shall not exceed 2 ohms. Suitable simple 
testing instruments are available for making this test, without involving any calcula- 
tions or delicate adjustments. 

^ Tests of the earthing of conduit or other equipment are not given in the Ninth 
Edition of the LE.E. Begtdations, hut it is stated that they may be included in a 
later edition. The satisfactory testing of an earth plate requires the provision of a 
second alternative earth ; given this, the test is readily effected by passing a known 
current from one plate to the other and observing the voltage drop. Difficulties due 
to polarisation can be avoided by using A.O., and a simple portable earth testing set 
is available employing this precaution. The apparatus resembles an insulation test- 
ing set. See- also §§ 347, 348, Yol. 1. 

For the satisfactory testing of an earth plate, Evershed and 
Vignoles recommend the provision of two additional temporary- 
earth connections. Current is then passed between the plate under 
test and the farther temporary earth connection, the potential drop 
being measured between the plate under test and the intermediate 
temporary earth connection. The “Megger” earth tester (§ 119 , 
5 th edn.) comprises an ohmmeter and a special generator which 
provides A.C. for the earth circuit, -while D.C. is used in both coils 
of the ohmmeter. 

1038. Bibliography.— (S'ee explanatory note, p. 58 , Vol. 1.) 

Official REGUiiAriONS. 

The testing of wiring is covered by Begulcutions for the Electrical Equip- 
ment of Buildings ^ issued by. the Institution of Electrical Engineers, 
and better known as the T.E.E. Wiring Buies, Government Depart- 
ments and Consulting Engineers usually specify the tests to which 
electrical machinery is to be subjected when purchasing. 

STAJSiDARDISATrON REPORTS. 

I.E.O. Publications. 

No. 46. — ^Rules for Acceptance Tests for Steam Turbines. 
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British Standard Specifications. 

No. 223.— Electrical Performance of High Voltage Bushmg Insulators. 
No. 269.— Methods of Declarmg Efficiency of Electrical Machinery 
(excluding Thaetion Motors). 

No. 353. — Testing of Hydraulic Turbines. 

No. 358.— Measurement of Voltage with Sphere-Gaps. 

No. 367.— Performance of Ceiling-Type Electric Fans. 

No. 380, — ^Performance of Desk-Type Electric Fans. 

No. 406.— Apparatus for Workshop Testing of Permanent Magnets. 
No. 422. — Transformer Inter-Tnm Insulation. 

No. 443. — Testing of the Einc Coating on Galvanised Wires. 

In general, all B.S. Specifications contain clauses relating to the testing of 
materials, apparatus, etc, ; reference should therefore le made to the specifications 
mentioned in the Bihliographies appended to chapters of this book dealing with the 
equipment concerned. 

Books. 

Principles and Practice of Electricad Testing, R. G. Allen (Dongmans). 

D.O. Dynamo and Motor Faults, R, M. Archer (Pitman). 

Direct and Alternating Current Manual, F. Bedell and C. A. Pierce 
(Oonstahle). 

Handbook of the Electrical Laboratory and Test Room, Sir J, A. Fleming 
(Benn). 

A.O. Bridge Methods, B. Hague (Pitman). 

Practical Testing for the Electrical Laboratory, 0. H. Johnson and R. P. 
Earle (Constable). 

Handbook of Electrical Testing, H. E. Kempe (Spon). 

Practical Testing of Electrical Machines, L. Oulton and N. J. Wilson 
(Pitman). 

Electrical Engineering Testing, G. D, A. Pan (Chapman & HaH). 

Practical Electrical Testing, G. D. A. Parr (Chapman & Hall). 

The Localisation of Faults, F. 0. Raphael (Benn). 

Testing Radio Sets, J. H, Reyner (Chapman & Hall). 

Electrical Instruments and Testing, N- H. Schneider (Spon). 

Laboratory and Factory Testing in Electrical Engmeering, G. F- Sever and 
F. Townsend (Constable). 

Electrical Meter Practice (Principles and Testing), H. G. Solomon (Griffin). 
Testing of Electro-Magnetic Machines, etc., B. V. Swenson, B. Franken- 
field, and J. M. Bryant (Macmillan). 

The Diagnosing of Troubles in Electrical Machines, Miles Walker 
(Longmans). 

Testing, Fault Localisation, and General Hints for Wiremen, J. Wright 
(Constable). 

Electrical Testing for Telegraph Engineers, J. E. Young (Benn). 

Testing of Continuous Current Machines, C. F. Smith (Pitman). 

Testing Transformers and A-0, Machines, 0. F. Smith (Pitman). 

Continuous Current Armature Winding, F. M. Denton (Pitman). 

Insulation Testing and Earth Testing; useful practical handbooks pub- 
lished by Evershed & Vignoles, Limited, London, W. 4. 
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I.E.E. Papebs. 


Field Tests on the ‘ arid ’ Transmission Lines, J. S. Forest Vol vn 
p. 85. ‘ ■ 

High Voltage Precision Measurements, W. M. Thornton. Vol. 69 p I27q 
Losses in D.O. Machines from ISTo-Load Tests, B. G-. Isaacs. Vol. 69, p. 1303* 
A Eesistor for the Measurement of Large Direct Currents. E H 
Vol. 69, p. 1155. ’ ‘ 

An Electrical Method for Determining the Moment of Inertia of a Direct 
Current Armature, J, G. Prescott. Vol. 69, p. 1179. 

The Bleotrical High-Pi'essure Testing of Cables and the Localisation of 
Faults, J. IJrmston. Vol. 69, p. 983. 

The Calibration of Four-Terminal Kesistance Standards with Alternating 
Current at Power Frequencies, A. H. M. Arnold. Vol. 69, p. 1013. ^ 

The Use of Air Condensers as High-Voltage Standards, B. G. Ohurcher and 
0. Dannatt. Vol. 69, p. 1019. 

The Design and Construction of a Shielded Eesistor for High Voltases 
R. Davis. Vol. 69, p. 1028. ^ ' 

Short-Duration Temperature Testing of Electrical Machines, W E Frencl 
Vol. 69, p. 867. ‘ ■ 

Sphere-Gap Calibration, S. Whitehead and A. P. Castellain. Vol 69 
p- 898. * ’ 


High Voltage Testing Equipments, E. T. Norris and E. W. Taylor. Vol 
69, p. 673. 

Dielectric Phenomena at High Voltages, B. L. Goodiet, P. S. Edwards and 
P. E. Perry. Vol. 69, p. 695. ’ 

An Investigation of Problems relating to the Use of Pivots and Jewels in 
Instruments and Meters, V. Stott. Vol. 69, p. 751. 

Dielectric Loss-Angle Measurement of Multi-Core High Tension Cables 
with special reference to the Sobering Bridge, L. G. Brazier Vol Bs’ 
p. 757. ' * ’ 


Apparatus and Methods for Accurate Maintenance of Large A.C Energy 
Meters, E. Fawsett and G. E. Moore. Vol. 69, p. 647. 

The Electrical Resistance of Moisture Films on Glazed Surfaces, G. T. G. 

Small, R. J , Brooksbank and W. M. Thornton. Vol. 69, p. 427. 
Hysteresis Measurements on Straight Bars and Strips, C. E. Webb and 
L. H. Ford. Vol, 68, p. 1018. 

A New Null Method of Testing Instrument Transformers, and its Applica- 
tion, G. F. Shotter. VoL 68, p. 873. 

Some Accessory Apparatus for Precise Measurements of Alternating Current, 
R. S. J. Spilsbury and A. H. M. Arnold. Vol. 68, p. 889. 

Precision Testing of Current Transformers, A. H. M. Arnold. Vol. 68, 


An Analysis of Heating Tests on Electrical Machines, E. Hughes. Vol. 68, 
p. 912. ^ 

Determination of the Final Temperature-Rise of Electrical Machines from 
Heating Tests of Short Duration, E. Hughes. Vol. 68, p. 932. 

An Accurate Method of Testing Bent Permanent Magnets, 0. E. Webb and 
L. H. Ford. Vol. 68, p, 773. 

A Direot-Reading Photo-Electric Photometer for the Commercial Measure- 
ment of Incandescent Electric Lamps, G. T. Winch. Vol. 68, p. 533. 

A Method of Testing Current Transformers, W. E. Bruges. Vol, 68, p. 305. 
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The Analysis and Measurement of the Noise Emitted "by Machinei^, 
B. A. G. Chnrcher and A. J. King. Vol. 6S, p. 97. 

Precision. Permeability Measurements on Straight Bars and Strips in the 
region of High. Permeability, 0. B. Webb and L. H, Ford. Tol. 67, 
p. 1S02. 

The Testing of Porcelain Insulators, B. J. Goodlett. "Vol. 67, p. 1177. 

A Precision Electrometer Method of Voltage-Transformer Testing, E. S. J. 
Spilsbury, Vol. 67, p. 1143. 

Electromagnetic Testing for Mechanical Flaws in Steel Wire Ropes, T, F. 
Wall. Vol. 67, p. 899. 

Precautions in the Use of Standard Instruments, W. H. Lawes. Vol. 67, 
p. 541. 

Some Developments in the Routine Pressure-Testing of High Voltage Gables, 
E. A. Beavis. Vol. 66, p. 1086. 

Testing of Ceiling Fans, E. Hughes and W. G. White. Vol. 65, p. 367. 
The Testing of Static Transformers, J. E. Thompson and H. Walmsley. 
Vol. 64, p. 505. 

The Rise and Distribution of Temperature in Small Electrical Machines, 
E. Hughes. Vol. 62, p. 628. 

MiSGEIiLANBOUS. 

X-Ray Testing Technique is dealt with in ‘ Methods of Research in Hetal- 
lurgraphy,’ by Masing, Inst, of Metals Jour.^ Vol, 42, p. 69. 

Useful articles in periodicals include the following : — 

Wattless-Load Alternator Tests. El, Rev., Vol. 107, p. 407. 

Progress in Cable Technic[ue, P. Dunsbeath. El, Times, Vol. 79, p. 216. 
Eleotrical Porcelain, Gillett. Electrician, Vol. 106, pp. 434, 638. 

Tests on Protective Gear, Wilson. World Power ^ Vol. 15, p. 17. 
Acceptance Tests of Turbo-Generators, Eccles. El, Times, Vol. 76, p. 297. 
Magnetic Testing of Turbo-Generator Rotors, Bailey and Juhlin. Bngg., 
Vol. 130, p. 242. 

Testing H.T. and L.T. Insulators, Carr, El. Twnas, Vol. 77, p. 430. 
Testing H.T. Cables, Beavis. El, Tioiies, Vol. 77, p. 1078. 

Sine-Wave Alternators for Meter Testing. Engg., Vol. 128, p, 230. 

New Oil Cirouit-Breahers of High Rupturing Capacity. El. TiTnes, Yol. 
78, p. 8:^5. 

Important reports are issued from time to time by the British Electrical and 
Allied Industries Research Association, Hitherto most of these Publications 
have dealt with the testing and properties of electrical insulating materials, the 
heating of buried cables, methods of laying cables, 'the service performance of 
electrical material and equipment, and interference between power and com- 
munication circuits. 
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THE LAW: STATUTORY AND OTHER REGULATIONS 

AND RULES. 

The Law and Official Rules. 

1039. Scope of Chapter.— Official rules and regulations natur- 
ally have an important influence on electrical engineering practice 
Though they do not always or necessarily produce the beat practice 
— either from the point of view of economical construction or from 
that of efficiency in operation — ^they are, as framed and enforced in 
the United Kingdom, successful in securing a high degree of safety. 
Part of the price of this is naturally some hampering of technical 
developments, hut, during recent years, the authorities responsible 
have shown greater willingness to modify regulations where these 
can be shown to obstruct developments that would not be inimical 
to safety. In addition, electrical engineers have voluntarily adopted 
a number of rules, specifications, and the like framed either by 
engineering institutions or by groups from among themselves. 

Notwithstanding this fact, there appears to be a surprising 
amount of ignorance concerning the existence and scope of par- 
ticular rules and regulations ; this chapter therefore presents a 
brief general analysis of the law and of the regulations, etc., bear- 
ing upon electrical work. The notes are only intended to form a 
general guide to the subject, complete presentation of which would 
occupy a large volume, while the interpretation of the statutory 
measures is, in most cases, a matter for lawyers alone. It is ob- 
viously desirable that every electrical engineer should have general 
knowledge of the rules and regulations bearing upon his work ; of 
the various professional organisations formed to consider technical 
problems ; and of the specifications and similar publications issued 
by such bodies. General knowledge of this kind should be supple- 
mented by careful study of the full text of the regulations, etc., bear- 
mg upon particular branches of electrical work. 
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1040. General Scope of Acts, Regulations, Rules, etc.— 

The Statutes and other measures framed during the past forty 
years for the control of the generation, distribution, supply, and 
use of electrical energy may conveniently be considered under the 
following heads ; — 

(a) The ‘ Electricity Supply Acts,’ under which * Orders ’ are granted to ‘ under- 
takers,’ authorising them to supply electricity in stated " areas of supply ’ 
(§ 1041). 

(&) Local Acts of Parliament dealing with particular areas (§ 1042). 

(c) Provisional Orders, subsequently confirmed by Parliament ; Special Orders ; 

and the ‘ Electric Lighting (Clauses) Act,’ 1899 (§ 1043). 

(d) Special Acts and Power Acts (§ 1044:). 

(e) Temporary and Emergency Acts (§ 1045). 

(/) Approval of Systems of Supply (§ 1047). 

(g) Begulations of the Electricity Commissioners, under the Electricity (Supply) 

Acts (§§ 1048 and 1049). 

(h) Home Office (Electricity) Regulations for Factories and Workshops, under 

those Acts (§ 1050). 

(i) Home Office (Blectrioity) Begulations for Mines, under the Mines Acts 

(§ 1051). 

(j) Ministry of Transport Begulations for Tramways and Light Railways 

(§ 1052). 

(k) Hon- statutory Rules governing Electrical Installations in Buildings and 

Ships (§ 1054). 

(Z) Hon-statutoiy Standardisation Buies and Specifications (§§ 1055 to 1057), 

In the following paragraphs these measures are discussed in the 
order and grouping given above. 

Sandwiched in its appropriate place is a paragraph dealing with 
the administration of the law generally (§ 1046). 

1041. The Electricity (Supply) Acts, 1882 to 1926. — These, 
which from the legal point of view are all taken together, com- 
prise : — 

(i) The Electric Lighting Act, 1882 ; 

(ii) The Electric Lighting Act, 1888 ; 

(iii) The Electric Lighting (Scotland) Act, 1890 ; 

(iv) The Electric Lighting Act, 1909 ; 

(v) The Electricity (Supply) Act, 1919 ; 

(vi) The Electricity (Supply) Act, 1922 — ^not applicable to Ireland; 

(vii) The Electricity (Supply) Act, 1926 — ^not applicable to Northern Ireland. 

Each of these measures to some extent modified the provisions of 
its predecessor, especially the last and most important one. A 
sketchy precis of the provisions would be worse than none, and 
space does not allow of a full one; the reader is referred to the 
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books ^ mentioned in the footnote. ' Here^ without going into any 
detail, the general trend of these Acts will be given as a sign-post. 

(i) The Electrie Lighting Actj 188 ^. — This first measure was 
based larg-ely on legal practice relating to other public utilities, 
especially gas, many provisions from the Gas Acts being incor- 
porated and others drawn upon. The Act gave the Board of 
Trade (now the Electricity Commissioners) power to grant ‘ Provi- 
sional orders ’ to ' undertakers ’ to supply energy in small areas, 
mostly limited to the jurisdiction of a single local authority. The 
local authority (if a company was undertaker) was given power to 
purchase the undertaking after a ridiculously short period and to 
all intents at scrap value. These Orders required confirmation by 
Parliament, but could, in certain circumstances, be revoked by the 
Board — and hundreds were revoked. 

Nearly all the technical provisions were contained in each Order 
(§ 1043) instead of in the Act; and power was further given to the 
Board to make both Rules and technical Regulations regarding each 
Order (§§ 1043 to 1045). Further provisions dealt with accounts 
of undertakers and their submission for audit (in view of valuation 
before ultimate purchase) ; with many restrictions and some 
facilities as to works, both of the undertakers and of other parties, 
especially works in public streets, such as mains ; with charges for 
energy, coupled with a ban on undue preference or discrimination 
in making these charges ; with offences of, or against, the under- 
takers ; with the incorporation of clauses from the Land Acts and 
Gas Acts ; and with protective clauses. The fatuous provisions as to 
compulsory purchase made the Act almost a dead letter, and put 
Great Britain behind other nations for a generation after the 
electrical era began ; and the short-sighted restrictions as to over- 
head lines and areas of supply, designed so as to make municipal 
purchase easy, has had the effect of making electricity expensive 
to the consumers to the present day. 

(ii) The Electric Lighting Act, 1888 . — It took the Government 
of the day only six years to discover what was obvious to business 
men in six weeks, namely, that no progress was possible under the 
first ill-starred attempt at controlling a new industry by a strangle- 


* The Law relating to Electric Lighting, Power, and Traction hy Shiress Will, 
5th edition, by John G. Dalton. The Electricity (Supply) Act, 29^6, by John C. 
Dalton. Also the annual Digest in tJae Electrician, * Electrical Trades Directory 
and Handbook.’ 
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hold. The Act of 1888 was then passed to amend that of 1882 by 
making the period, after which compulsory purchase could operate, 
42 years instead of 21 and by slightly improving the terms of pur- 
chase. As a sop to the opposition of the local authorities, however, 
their consent was at the same time made necessary (subject to the 
Board of Trade dispensing with it) before an Order could be 
crranted. The bargaining power thus given further delayed pro- 
gress ; for the Municipalities would not embark on supply for fear 
of loss, nor let companies do so for fear of profit. The opportunity 
was also taken to put restrictions — rightly — on non -statutory lines 
and works, which became subject to Eegulations (§ 1049); for enter- 
prising companies started supply businesses without any statutory 
powers, relying on private bargaining for permission to place their 
mains under or over streets, private land and on houses, to the 
danger of the public and of the telegraph system. 

(iii) The Electric Lighting (Scotland) Act, 1890 . — This calls 
for no comment. 

(iv) The Electric Lighting Act, 1909 . — Although good progress 
was made in the business of electric supply after the passing of the 
1888 Act, the defects in the law were very marked; and in 1909 a 
half-hearted endeavour was made to place matters on a better 
footing. A Joint Select Committee of both Houses of Parliament 
under Lord Cross had, in 1898, submitted a Report on ‘ Electrical 
Energy (Generating Stations and Supply) ’ which made far-reaching 
suggestions, many of which have since been adopted; especially 
that larger areas of supply were desirable, in consec^uence of which 
change in policy many ‘ Power Companies ’ came into being (§ 
1044). The Act of 1909 was mainly a belated endeavour to correct 
some of the more glaring anomalies of the earlier Acts. Provision 
was made, inter alia, for the compulsory acquisition of land for 
generating stations; for breaking up streets outside an area of 
supply in order to connect up to a generating station at some more 
convenient place outside that area ; for supply ‘ in bulk by undei - 
takers to other undertakers known as ‘ authorised distributoi*s ’ ; 
for the delivery of a supply at a point within the area for use 
outside that area, which had been declared illegal by the Courts ; for 
the formation of Joint Committees or Boards by two or more local 
authorities ; together with a number of minor changes. The most 
important change was that dealing with hulk supply, generally 
eflfected under a ' Special Act.’ 
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(v) The Electricity {Supply) Act, 1919. — After a further ten 
years (and the Great War) a radical departure was made in ad- 
ministration by the appointment of the Electricity Commissioners 
under section 1 of the Act of 1919 and the transfer of the powers 
of the B.O.T. to the Minister of Transport and the Commissioners. 
Many of the other provisions of this Act have been modified or 
repealed by subsequent legislation. The reorganisation of the 
whole parochial basis of supply was aimed at, by making ‘ Elec- 
tricity districts’ and constituting 'joint electricity authorities’- 
and a considerable part of the Act deals with the powers and duties 
of the latter in relation to supply. The absurd i^rohibition of 1882 
against undertakers associating together for their common ends 
was modified, as the fear of monopoly vanished ; and a beginning 
was made in the direction of allowing the use of overhead lines 
and obtaining way-leaves for them. Municipal trading in electric 
apparatus was made lawful. The Commissioners were given power 
to demand changes in ' the type of current, frequency or pressure’ 
in the direction of standardisation, which by this time had shown 
itself desirable and even necessary. ‘ Special Orders ’ of the 
Commissioners, confirmed by the Board of Trade (later by the 
Minister of Transport) instead of by Parliament, were substituted 
for the earlier Provisional Orders. Power to demand the sub- 
mission of statistics of supply undertakings was given to the 
Commissioners, whose Reports now contain a summary of these 
relating to units generated, fuel of various sorts consumed, units 
sold, etc. Many railway and tramway authorities have voluntarily 
sent in similar statistics, which are incorporated with the others 
and increase their value. Various new definitions and other 
matters of less importance are dealt with in the Acc ; but it was 
sadly mutilated during its passage through Parliament. 

(vi) The Electricity {Supply) Act, This Act consists 

largely of financial and other provisions for facilitating the work of 
Joint Electricity Authorities, together with modifications of the 
Act of 1919. Of technical interest is the section making ' stand-by 
supply ’ subject to conditions as to minimum annual payments ; for 
hitherto a person having a private plant could legally demand 
a connection to the undertakers’ mains without any intention of 
using a single unit from them except in consequence of a break- 
down. 

(vii) The Electricity (Supply) Act, 1926. — It had long been 
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apparent that mere tinkering with the basic Act of 1882 and its 
successors would never give the country ‘ a cheap and abundant 
supply of electricity.' As already mentioned, Lord Cross's Com- 
mittee recommended the adoption of larger areas of supply; Sir 
James Kitson’s Committee f endorsed this view when the Power 
Bills were before the Legislature. In 191^^ the Coal Conservation 
Committee and the Electric Power Supply Committee had urged 
the common-sense aspect of the problem; and the emasculated 
Statute of 1919 had been intended to tackle their recommendations, 
but failed to do so. 

In 1925 yet another Committee, presided over by Lord Weir,J 
dealt exhaustively with the subject. Although the recommenda- 
tions of the Weir Report were turned inside out as time went on, 
they are broadly incorporated in the Act of 1926. The useful 
political cry of cheap electricity to the consumer has long since 
joined other slogans equally dishonest; hut the measures under- 
taken will certainly improve the situation in many ways, less showy 
but equally valuable to the country. 

Broadly speaking, the underlying principle is that the Commis- 
sioners shall prepare schemes covering each of the large areas into 
which Great Britain is divided and that the newly constituted 
‘Central Electricity Board’ shall carry out these schemes as 
undertaker-in-chief; the large areas being eventually intercon- 
nected (at enormous expense, and with very doubtful advantages) 
by a ^ grid’ of 132 kV transmission lines. § Generation is to he 
confined to a small number of super-stations of the most modern 
and efficient type ; the best of these ‘ selected stations ’ will work 
as ‘ base-load ’ (or ‘ three-shift ’) stations, continuously, on a jplant 
load-factor approaching 100 7o > II "^Me the next best but some- 


* Beport of the Joint Gommittee on Electrical Energy (Generating Stations and 
Supply), 1898-99. 

t Beport of the Gommittee of the House of Commons considering the first 
‘ Power Bills, » 1900. 

^ Beport of the Committee appointed by the Minister of Transport ‘ to review the 
national problem of the supply of electrical energy and to present a report on the 
broad lines of policy which should be adopted to ensure its most efficient and effective 
development.’ 

§The same pressure will he used in the necessary inter-connecting grids of 
transmission lines within each of the areas. 

II It seems to the authors unlikely that the station load factor of the base-load 
stations will be above 70 °/o. 
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what less efficient will constitute ‘ peak-load ’ stations, to be used 
for one or two shifts as required, and as reserve against breakdowns. 
In this way not only will a number of separate stations and staffs 
be dispensed with altogether, but the proportion of spare plant to 
total plant, now inordinately high,^ will be greatly reduced. The 
activities of all the stations will be controlled by the Board’s 
organisation of load-despatchers so as to obtain the most economi- 
cal results ; the whole output will be taken over wholesale, on the 
terms given in the Act, and the Board will re-sell to authorised 
distributors as well avS to the undertakers from whom it was 
purchased, whether authorised distributors or not. f Complicated 
provisions are made as to ascertaining costs of production and 
adjusting them to load factor, the long-established principle of 
differentiating between fixed kilowatt charges and running- 
charges I having at last been recognised by the authorities. As a 
necessary corollary, further standardisation (especially of frequency) 
will be enforced, so as both to render inter-connection by the ‘ grid ' 
possible and to enable manufacturers to standardise motors and 
other apparatus (§ 1047). 

Finance plays a large part in the Act, since the Central 
Electricity Board are authorised to borrow up to £33,500,000 for 
their purposes. The Board can itself construct generating stations 
(under Special Order) if they are unable to make suitable arrange- 
ments with undertakers ; and they are subject to most of the Acts 
already analysed above. Further provisions as to overhead lines 
and way-leaves are made. There are also no less than fifteen 


* Stated by the Weir Report to be equal to 68 °/^ of the maximum load, over 
the whole country, instead of (say) 10 °/q. 

t For instance, railway generating stations may be selected. 

X The Second Schedule to the Act lays down ‘ Buies for Determining Cost of 
Production of Electricity at Selected Stations.’ The costs, charges, and allowances 
are divided among six heads, covering all expenditure on revenue account attribut- 
able to the station (other than taxes on profits) ; interest (other than that paid out of 
capital) at a mte laid down; and an 'allowance for depreciation. The Seventh 
Schedule lays down ‘ Buies for Determining the Fixed Kilowatt Charges Component 
and the Bunning Charges Component ’ of the total costs as ascertained under the 
Second Schedule. The fixed charge is to be one-twelfth of the amount allocated as 
fixed costs in any year, divided by the (statutory) average of the monthly maximum 
denoands of that year, adjusted to load factor. Thirty minutes is the period deter- 
mining the M.D., so as to exclude momentary overloads, etc. The running charge 
component is the amount of the running costs, divided by the number of units 
lied from the station, not those generated. 
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sections amending the earlier Acts, hnt the above comments must 
be taken merely as an invitation to study the full text.^ 

As these pages were going through the Press, the Report of the 
Economic Advisory Conncirs Severn Barrage Committee was 
published. The Report will be dealt with more fully in the next 
edition of Volume 1 under ‘Water Power’ (Chaps. 8 to 10), by 
which time a decision may have been arrived at. Briefly the 
Report proves that by itself the barrage power station would not be 
able to generate energy at as low a rate as a modern super-station, 
owing to the intermittance due to slack water and to the impossi- 
bility of utilising the full power at spring* tides by means of plant 
which would necessarily be idle at all other times. The Committee 
therefore recommend combining the barrage scheme with a pumping 
scheme up to an elevated lake, from which power can be drawn at 
slack water and into which water can be additionally pumped at 
spring tides. The cost per unit then woi’ks out at a less figure 
than is at present attainable from fuel. It appears to the authors 
that in these circumstances the more obvious course is to construct 
the subsidiary pumping plant and Wye reservoir (holding 20-n'iillion 
H.P.-hr. storage), and to operate it from the spare power now ob- 
tainable from peak-load stations at off-peak times f (§§ 230, 230A). 

1042. Local Acts of Parliament. — The Electric Lighting 
(Scotland) Act, 1902, is not included in the ‘Supply Acts’ of the 
previous paragraph. There are also a number of Acts relating to 
electric supply in the Administrative County of London. For all 
these, reference must be made to Dalton. f 

1043. Provisional and Special Orders: the Electric 
Lighting (Clauses) Act, 1899. — While the Acts deal with broad 
(and sometimes very narrow) principles, all details were left to the 
Provisional Orders grantedto individual undertakers — for procedure 
by Licence was hardly resorted to. A stock form of Order was 
soon evolved, but whenever a company applied for an Order there 
was opposition on the part of the local authority ; and all sorts of 
special clauses were asked for and, sometimes, inserted. In 1899 the 
stock form of draft Order was rearranged and made into a Schedule 
of 84 clauses, which the single operative section of the Electric 


* The Electricity (Supply) Act, 1926, annotated and explained hy John C, Dalton. 
'I’ ‘ Electricity from Pumped Storage,' J". W. Meares, EL Rev., Vol. 112, p. 629. 
I The Law Relating to Electric Lighting^ Power, and Tractimi Shiress 
Will, John G. Dalton, 
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Lighting (Clauses) Act, 1899, enacted should ‘ be incorporated with 
and form part of ’ every future Provisional Order or Special Act, 
subject to express variations and exceptions. Presumably because 
an Order ceased to be Provisional on confirmation by Parliament, 
the term ' Special Order ’ is actually used in this Act ; but the 
‘ Special Orders’ of the Act of 1919 [§ 1041 (v)] are different from, 
and must not be confused with, those of the Clauses Act. The 
difference is legal rather than practical, for by section 26 of the 
Electricity (Supply) Act, 1919, the Special Orders of the Electricity 
Commissioners, confirmed by the Board of Trade — and, later, by 
the Minister of Transport — ^took the place of the former Orders ; 
but after the passing of the Clauses Act both types in turn were 
immensely simplified owing to the unprinted inclusion of all the 
stock clauses. These may now be briefly referred to. 

Any full summary of the 82 operative clauses would take up 
more space than can he spared, for the Act takes up 130 pages 
of Will’s Electric Lighting. There are provisions as to the area 
of supply and the undertakers’ relations with other undertakers ; 
as to security and accounts ; purchase and use of land by local 
authorities; systems and mode of supply. Under the caption 
‘ Works ’ come ten very complicated clauses dealing with every 
conceivable contingency in relation to the laying of lines under or 
on streets, where other authorised persons may also have works 
capable of being interfered with.^ Compulsory works come next, 
and methods of obtaining the laying down of mains outside the 
compulsory list of streets. Next come provisions as to sufficiency 
of supply, the methods of charging for it and the maximum price 
to be charged. Electric Inspectors, testing, and clauses as to meters 
follow. Revocation requires six clauses, and there are a bakers’ 
(or publishers’) dozen of general miscellaneous clauses to end up 
with. Later Acts have amended some of the clauses, but they 
remain the basis of supply Orders, past and present. 

1044. Special Acts : Power Acts. — From time to time a few 
Special Acts were passed, conferring on local authorities or 
companies powers similar to those given by the more ordinary 
procedure dealt with above. But until the Act of 1909 was 
passed there was little real progress. Once the necessity of larger 


* So involved are some of these that an Act of an Indian legislature, "based on 
th.em, was passed containing one with two whole lines of the text omitted! 
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areas of supply and of supply in bulk to distributors was recog-- 
nised, the road was open for development; and tbe Power 
Companies came into being. Of about 80 special Acts the 
majority were passed between 1900 and 1904, and some 30 Power 
Companies operate under them. At that time, however, these 
new companies, endeavouring to inaugurate really efficient con- 
ditions, were hampered because Parliament in its wisdom decreed 
that they should not be allowed to supply energy witbin the area 
of supply of any existing undertaker without that undertakers’ 
consent ; so that the towns, which should have been the economic 
distributing centres of their networks, were excluded from their 
operations. Later legislation removed many anomalies and has 
given the Power Companies a chance which they have not been 
slow to utilise; and the Act of 1926 has at last dealt with the 
whole problem on broad lines. 

Although differing in many respects, the Power Acts have 
much in common. The Power Company is authorised to acquire 
land and to construct the necessary stations and other works and 
to supply energy within a specffied area to ‘authorised under- 
takers ’ and to other persons for power purposes, within certain 
limits. Maximum prices and dividends are inter-related loy a 
sliding scale. Under this system, a ‘standard dividend’ and a 
‘ standard price ’ per unit are fixed, as in gas undertakings ; then, 
before the dividend can be increased above the standard rate the 
actual price charged per unit must be diminished and vice versa. 
Thus, assume a standard dividend of 10 7o ^ standard charge 
of two pence ; further, let an increase or decrease of 1|- % above 
or below the standard charge correspond, inversely, to a decrease 
or increase of 7o permissible dividend. Then the results 

would he as follows: — 

Table 220. — Example of Sliding Scale. 


Dividend Payable 

■Average Charge Pence Per Unit. 

13 

1-77 

12 

1*82 

11 

1*88 

standard 10 

Standard 2*00 

9 

2*06 

8 

2U2 

7 

2*18 

6 

2*25 
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Under this system tlie consumer benefits pwri passu with the 
undertaker and the shareholder, where the business flourishes, 
while the country at large benefits both directly from income tax 
and indirectly from industrial progress. 

1045. Temporary and Emergency Acts. — Although, like 
D.O.R.A., some of these war measures are still in force it is 
unnecessary to do more than mention those dealing with extension 
of times within which duties had to be performed and temporary 
increases in statutory maximum charges for supply. 

1046. Administration. — The Act of 1919 [§ 1041 (v)] created 
a new body, the Electricity Commissioners, and vested in them the 
administration of the Electricity (Supply) Acts, hitherto in the 
hands of the Board of Trade ; so that the Special Orders and most 
of the Regulations dealing with the subject are now drawn up by 
them. In the Annual Reports of the Commissioners will be found 
full information as to their activities, together with many statistics 
as to the progress in the generation and consumption of .electricity, 
obtained as a consequence of the new powers conferred by the Act 
in question [§ 1041 (v)]. 

The Commissioners are authorised to exercise certain powers 
and to perform certain duties with regard to : — 

(i) The approval of systems of supply adopted by undertakers, in accordance 

with the provisions of section 10 of the Electric Lighting (Clauses) Act, 
1899, or corresponding provisions in any Special Act or Order (§ 104:7) ; 

(ii) The prescribing of Regulations for securing the safety of the public (in- 

cluding subsidiary Regulations as to the construction and maintenance 
of overhead lines) under section 6 of the Electric Lighting Act, 1882 ; 
the Regulations in question, as will he seen (§ 1048), are duplicated, 
namely, for ordinary and for extra high-tension work ; 

(iii) The prescribing of Regulations for ensuring a proper and sufficient supply 

of electricity by undertakers, under the provisions of section 6 of the 
same Act (§ 1048) ; 

(iv) The service of notices and the prescribing of Regulations under section 4 

of the Electric Lighting Act, 1888, on non-statutory undertakers, for the 
protection of the public and of the works of the Postmaster-General 
(§ 1049). 

Other powers of the Commissioners are mentioned in connection 
with the Act of 1926 [§ 1041 (vii)]. 

1047. Approval of Systems of Supply. — Certain standard 
approved systems of supply were set forth in the London Gazette 
of July 3, 1906, and May 8, 1925, and from time to time the Com- 
missioners have added to these in the like manner. A Model Form 
of description was published by the Board of Trade long ago, for 
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the use of undertakers desiring sanction for a new system ; and 
the Commissioners took this form over with, the rest of the work of 
the B.O.T. British standard pressures of 11 000, 22 000, and 
33 000 volts and the British standard frequency of 50 cycles are 
now generally adopted, while far higher pressures (up to 182 kV) 
are used on the new transmission ^ grid/ In this connection we 
may also mention the approval and certification of meters, of 
which new types are every year put on the market. 

1048. Regulations of the Commissioners for Statutory 
Undertakings. — The Commissioners, when they were appointed, 
took over all the existing Regulations, etc., of the Board of Trade ; 
but these have been mostly revised and extended since (l>ut see 
§§ 1041 to 1043). The document known as ' EL C. 38,’ after defining 
the terms used, contains the Regulations (A) for Securing the Safety 
of the Public and (B) for Ensuring a Proper and Sufficient Supply 
of Electrical Energy. Further Regulations, similarly sub-divided 
into (A) and (B), are found in 'El. C. 13’ as to extra high pressure. 
Further, under Regulation ISTo. A 13 of the former hatch, additional 
Regulations were made (' El. C. 39 ’) for overhead lines, which until 
recently were seldom used in the United Kingdom ; these, how- 
ever, were superseded in 1928 hy the new ‘Overhead Line 
Regulations for Securing the Safety of the Public,’ made hy the 
Electricity Commissioners under the Electric (Supply) Acts, 1882 
to 1926, known as El. C. 53, together with an attached explanatory 
memorandum, EL C. 53 A, and a further memorandum, EL C. 53 B 
(§ 846), Although long reduced to standard forms these various 
Regulations were originally made hy the Board of Trade for each 
separate undertaking and attached to the Provisional Order. We 
will consider these seriatinfn, 

El, G. 88 A , — The ordinary Regulations for securing the safety 
of the public begin with twelve ‘ General ’ clauses specifying the 
permissible pressure of supply to consumers and the precautions to 
be taken where ‘ medium pressure ’ is so supplied, and they also lay 
down that an ‘ extra high-pressure ’ supply, when permissible at all, 
shall he subject to further Regulations — vide ‘El. C. 13 'below. 
The size of conductors, the testing and maintenance of their insula- 
tion, their protection hy circuit-breakers and from lightning and 
special precautions for transformers follow. 

Next in order comes No, 13, giving power to issue further 
Regulations for overhead wires, as to which see ‘ El. C. 53’ below. 
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Then there are seven clauses dealing with lines other than 
overhead, with their street boxes, etc., and a further three dealing 
with sub-stations and street boxes alone. 

Consumers’ premises are next dealt with in respect to fire and 
shock risks, leakage and testing. Finally come precautions where 
arc lamps are used; a clause as to connection with earth; and 
penalties. 

El, 0. 38 B , — The ordinary Regulations for ensuring a proper 
and sufficient supply provide in particular for fixing the ' declared 
pressure ’ and ‘ declared frequency * of supply to consumers, and the 
permissible variation therefrom ; * and, further, for continuity and 
sectionalising of mains so as to restrict the effects of any inevitable 
stoppage. 

(For special Regulations applying to factories and mines, which 
do not come under the above, see §§ 1050, 1051.) 

EL G. IS A and B . — The special Regulations for securing 
safety and ensuring a proper supply where extra high pressure is 
involved are ' in addition to and not in substitution for the obliga- 
tions imposed by ' the above-mentioned code. They are, mutatis 
mutandis, on much the same lines, though more searching. 

EL G. 58 . — The Special Regulations for oveidiead lines deal 
generally with the material of the conductors, their strength, 
minimum, size, and manner of erection; their supports; their 
relation to other overhead wires; and their maintenance after 
erection. Service lines are the subject of a special clause. There 
are also specific Regulations (A) for pressure not exceeding 650 V 
direct current or 325 V alternating, and (B) for higher pressures, 
as to the factor of safety of the line conductors, their minimum 
height from the ground and precautions to he observed for pre- 
venting ^danger’ as defined; also, in the cane of high pressure, 
as to the manner of crossing roads, canals and railways. As 
mentioned in dealing with rural lines in connection with electricity 
in agriculture (§ 846), these Regulations have to some extent 
met the objections raised with regard to those they supersede 
(El. G. 39). An Explanatory Memorandum (El. C. 53 A) is issued 
with the Regulations, together with a further Memorandum (El. C. 
53 B) setting forth the information to he submitted in connection 


* As noted in § 846, the allowable variation is increased temporarily for supply 
in rural districts. 
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with applications by Authorised Undertakers for the consent of the 
Minister of Transport to the placing of electric lines above ground. 

(For factories, see § 1050; mines, § 1051 ; traction, § 1052.) 
1049- Rcg’ulations of the Cominissioners for Noii-Statiitoir5r 
Undertaking’s.— The Eegulations (El. 0. 12 ) issued under § 4 of 
the Electric Lighting Act, 1888, are technically very similar to 
those already mentioned above. They are not ‘ deemed to authorise 
the Owner ’ ('i.g. of the non-statutory works) ' to break up or interfere 
with any street ’ — a power conferred by the Act on undertakers 
only. They prescribe the general conditions and precautions to be 
observed in installing and maintaining supply circuits, substations, 
etc., so as to avoid risk of shock, fire or interference with telegraph 
lines ; they specify the material, strength, spacing and manner of 
erection and maintenance of overhead lines ; and they deal with the 
connection of circuits with earth, both for continuous and alter- 
nating currents. 

(For factories, mines and traction see the following paragraphs.) 

1050. Home Office Regulations for Factories and Work- 
shops. — The Regulations, dated December 23, 1908, made by the 
Secretary of State, ' for the generation, transformation, distribution 
and use of electrical energy in premises under the Factory and 
Workshop Acts, 1901 and 190T,* are published as Statutory Rules 
and Orders, No. 1312, 1908. These have their own definitions, 
which however do not differ materially from those of the Com- 
missioners ; and these are followed by a large number of exemptions. 
Then follow 32 regulations for ensuring the safety of operatives and 
laying down the owner’s responsibility for seeing them carried out 
in a proper manner. In view of the complexity of the conditions, 
the Senior Electrical Inspector of Factories prepared a Memorandum 
explaining them (Form 928, third edition, 1925); but it must be 
understood that even this official Memorandum cannot be regarded 
as an authoritative interpretation in the eyes of the Law Courts. 
It should, however, be carefully studied by ' occupiers, agents, work- 
men and persons employed ’ since all of these have to comply with 
the Regulations and have varying degrees of responsibility. We 
cannot here give any useful precis of so varied a collection, and the 
text must be referred to. 

1051 . Home Office Regulations for Mines. — The ‘ General 
Eegulations as to the installation and use of electricity ’ under the 
Coal Mines Act, 1911, are comprised in ‘ Mines and Quarries Form 
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No. 11/ dated August, 1924. Being part only of the Statutory 
Rules and Orders dealing with mines and quarries, they begin at 
No. 117 in the above Form, which also contains an Explanatory 
Memorandum by the Electrical Inspector of Mines to which the 
remarks at the end of the preceding paragraph apply. In pursu- 
ance of § 88 of the Coal Mines Act, 1911, the Secretary of State 
has prescribed that the book to be supplied to electricians and 
assistant electricians employed in and about mines shall contain 
certain parts of the Abstract and General Regulations; these 
together with the Home Office Memorandum, are published as Mines 
and Quarries Form No. 58. The Regulations, Nos. 117 to 137, are 
in two parts dealing with works (1) below ground and (2) above 
ground. For reasons of space we cannot abstract these here; they 
must be studied in detail by those concerned. Certain of them 
have, however, been quoted in Chapter 32 (Electricity in Mining) 
and at appropriate points elsewhere in these voluines — vide, index. 

1052. Ministry of Transport Regulations as to Tramways 
and Light Railways. — There are several sets of these regulations, 
issued separately, governing the generation and distribution of 
electrical energy for use on tramways and light railways, and the 
electrical details of the line equipment and rolling stock. Their 
nature is indicated hy the four brief summaries following : — 

(1) Regulwtions made hy the Minister of Transport nnder 
the provisions of Special Tramways or Light Railways 
Orders authorising lines on public roads, for regulating 
the use of electrical power ; for preventing fusion or 
electrolytic action of or on gas or water pipes or other 
metallic pipes, structures, or substances ; and for mini- 
mising as far as is reasonably practicable injurious 
interference with the electric wires, lines, and apparatus 
of parties other than the Company, and the currents 
therein, whether such lines do or do not use the earth as 
a return. 

These have their origin in the Report of Lord Cross’s Joint Select 
Committee of 1893 on ^ Electric Powers (Protective Clauses) ’ and the 
matter contained in that Report and accompanying evidence is still 
valuable. The Regulations have been repeatedly revised between 
1894 and 1920. They stipulate the use of D.O., but ‘the Minister 
of Transport will be prepared to consider the issue of Regulations 
for the use of A.C. for electrical traction on application.’ The 
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regulations govern the extent to which the return circuit may be 
uninsulated ; the bonding of the rails and of adjacent uninsulated 
conductors to the rails ; the method of earthing the return circuit ; 
the value of the current passing from the earth connections to the 
generator ; the P.D. between the unin.sulated return and any pipes 
in the vicinity ; the potential drop in the uninsulated return ; and 
the tests to be made to ensure compliance. With the insertion of 
names and dates, and minor modifications as required, these and 
the following regulations are issued as Statutory Rules and Orders 
for individual tramways, etc. 

(2) Begwlations and Bye-laws made by the Minister of 
Transport as regards Electrical Power on Individual 
Tramways. 

These include clauses relating to the provision of speed indicators, 
brakes, life-guards and lamps ; the use of trailers ; the provision 
of doors and accommodation for passengers ; the speed of propul- 
sion; the maximum electrical pressure; the support, seetionalisa- 
tion and insulation of the line ; the insulation of conductors on 
vehicles and the earthing of bare metal parts. A copy of the 
Regulations and Bye-laws must be posted inside each carriage for 
public information. 

(8) Memorandum regarding details of Oonstruotvon of JSew 
Lines and Equipment. 

This includes certain clauses from the Regulations (2) above, and 
stipulates requirements and recommendations as to reconstruction 
of track, cars and equipment undertaken after the date of the 
Memorandum, as well as to new lines or rolling stock. In 
Section I.— Constructional Details— there are clauses relatmg to 
the clearance between cars and kerbs, bridges, otc ; the general 
arrangement of overhead equipment; and the weight, dimensions 
and slotting of rails. Section II.— Car Equipment— deals with the 
general arrangement and equipment of the cars. r • i* o i 

(4) Guard Wires on Electric Tramways and Light HaiL- 
ways laid on Public Hoads. - 

These specify the size and arrangement of guard wir^, their 
earthing, etc., and an explanatory Memorandum is attached. 

Non-Statutory Rules and Standard Specifications, etc. 

Tou^ Bodies which Issue Rules, Specifications, etc— 

AlmosWery professional organisation, trade and manufacturing 
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association, issues from time to time some documents akin to the 
ofBcial regulations dealt with above, either with some semblance of 
power to enforce them or merely for guidance. We cannot pre- 
tend even to touch on all these ; but some of the organisations of 
outstanding importance are mentioned in the following j)aragraph8. 
These are, the Institution of Electrical Engineers (§ 1054); the 
British Standards Institution (§ 1055); the International Electro- 
technical Commission (§ 1056); the World Power Conference 
(§ 1058) ; the British and Allied Electrical Manufacturers’ 
Association (§ 1059). 

In addition to the above there are many more which need 
merely be mentioned here. The London County Council issues a 
number of regulations applicable to electrical installations in the 
London area, and many municipal undertakers issue similar codes ; 
but the Incorporated Municipal Electrical Association, representing 
231 of these, has adopted the I.E.E, Regulations (§ 1054) as standard 
practice and has recommended their use. So, too, have nearly a 
hundred of the leading Fire Insurance Companies, thus replacing 
the Phoenix Co."s rules, which for many years were in healthy 
rivalry with those of the I.E.E. Nearly all company under- 
takers still issue their own installation rules, some of which appear 
to conflict with the law, though they are useful as a check on the 
jerry-wireman. Perhaps the most important in all these is the 
provision limiting the current which may be taken from one side 
only of a S-wire D.C. or 3-phase system, so as to ensure that other 
consumers’ supply will not be interfered with. 

1054. The Institution of Electrical Engineers. — The I.E.E. 
issue four documents of special importance, namely : — 

(i) The Model Form of G-eneral Conditions for Contracts. 

(ii) The Olanses for Street LigMing Specifications. 

(iii) The Eegulations for the Electrical Equipment of Buildings, generally 

known — and quoted in these volumes — as the ‘I.E.E. Wiring Buies.’ 

(iv) > The Eegulations for the Electrical Equipment of Ships. 

(i) Model Form of General Conditions. — This model is in- 
tended to supersede the multiplicity of general conditions issued 
by consulting engineers and others in the past, and often even now, 
to rule the legal side of engineering contracts. The general 
adoption of the code, which has undergone many revisions and 
much criticism, is highly desirable in the interests of standardisa- 
tion and uniformity. The Form is obtainable from the Institution 
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and has been referred to in § 534 and also in various other places 
in these volumes (vide Index). 

(ii) Glauses for Street Lighting Specifications,— HhQ above 
remarks on the Model Form apply here also (see also § 534 ). 
It may be mentioned that the B.S.T. has recently also issued a 
Street Lighting Specification. 

(iii) The ^I.E,E. Wiring Rules,' — These originated as far 
back as 1882. When Vol. 1 of this work was issued the seventh 
edition (1916) was in force, and in § 525 of Vol. 2 the revised 
corresponding regulations of the eighth edition (1924) were set 
forth. At the time of writing, the ninth edition (192’r) is the 
latest; but in a note we find: — 

‘ This edition, which does not differ considerably from the eighth, contains a 
number of alterations which had become urgent. A tenth edition is in prepara- 
tion, whioh, with a view to simplification, may differ materially from the ninth in 
respect of arrangement and wording.’ 

In view of this, and of the growing bulk of the Eegulations (128 
pp., 128 rules, tables and appendixes), we can do no more than 
point out how the land lies ; the volume can be obtained from the 
Institution.^ In our index entries are, for uniformity, all under 
‘Wiring Rules of the I.E.E.’ While the regulations are mainly 
concerned with internal wiring, generating plant and motor instal- 
lation also find a place. 

(iv) I.E.E, Regulations for the Electrical Equipment of 
Ships. — The conditions as to wiring and installation work generally 
differ materially between building and ships. A Committee of the 
LE.E. has long existed for dealing with this special problem and 
these Regulations are the result (§ 966). The second edition 
was published in 1926 and runs to 115 pages and 127 Rules. 

1055. The British Standards Institution. — ^This body, now 
always known as the B.S.I., started life in 1901 as the Engineering 
Standards Committee, under the auspices of the four Institutions 
of Civil, Mechanical and Electrical Engineers, and of Naval 
Architects, together with the Iron and Steel Institute. It was 
incorporated as the British Engineering Standards Association 
(B.E.S.A.) in 1918, and under its present title in 1931; and 
particulars of its activities and its many publications can be 

* Eegulations for the Electrical Equipment of Buildings, ninth, edition. May, 
1927. The Institution of Electrical Engineers. The issue of the tenth edition is 
imminent (1933). 
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obtained from the office.^ At one time it was the cnstoin of eacli 
manufacturer to avoid any semblance of standardisation, so as to 
prevent interchangeability with the apparatus of his rival; thus 
each had his own bastard threads and so forth ; but the value of 
co-operation in place of insensate rivalry has long been recognised. 
The B.S.I. has, up to date, issued over 500 Specifications and 
Reports, many of which constitute miniature text-books, and all 
of which should be studied by practical engineers. These specifica- 
tions (which include methods of testing materials and apparatus) 
are constantly incorporated in specifications for particular works, 
and should be conformed to whenever possible. They are issued at 
a price of two to five shillings each, and in many cases translations 
are available in Continental languages. Revision is undertaken as 
often as required, to meet technical advances. A complete list of 
the latest issues can be obtained from the Institution (C.C. 7822), 
so we need not print it here ; but we may mention the ‘ Standard- 
isation Rules (Export) for Electrical Machinery and Transformers ’ 
intended to facilitate competition with manufacturers abroad. 
Reports and Specifications bearing on the subject-matter of partic- 
ular chapters will be found in the Bibliographies at the end of 
each chapter. 

1056. The International Electro -technical Commission. — 

This body, familiarly known throughout the world as the T.E.C./f 
was formed in 1906, when it began the preparation of statutes (not 
in the legal sense) which contemplate the formation of electro- 
technical Committees in all self-governing countries and provide 
for the representation of these national committees on the Inter- 
national Commission. The general purpose is to standardise 
nomenclature and ratings for electrical apparatus and machinery 
and to agree upon fundamental standards on which national specifi- 
cations may be based, adapted to the local conditions. A good deal 
of useful work has been done, but naturally it proceeds slowly; 
and apart from the purely technical work, the gathering together 
of delegates from forty or more nations, bent on exchanging views, 
is of unquestionable value, as one of the Authors (representing 
India) can testify. Many national committees are in being ; while 
countries that are unable to form these may nevertheless be repre- 


* 28 Victoria Street, liondon, S. W. 1. 

-f-Also located at 28 Victoria Street, London, S.W. 1. 
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sented by delegates. The agreed internatioiiaL letter and graphical 
symbols arc used in these volumes ; the standard of resistance for 
copper is universally used; but on matters such as the rating 
of machinery there is still some difference of opinion. However, 
between the B.S.I. and the I.E.C. the good work proceeds. 

1057- The International Standards Association.— At the 
end of 1927 a new body, the International Standards, Association or 
I.S.A. came into being, as the result of the deliberations of the 
'Committee of Seven" held at the ISTew York Conference of 1926 
and in London in 1927. The object of the new body is to carry on 
the work of standardisation in cordial relations with other similar 
bodies, especially the I.E.O., in matters beyond the scope of those 
other bodies. The office is temporarily located at 28 Yictoria 
Street, London, and Sir Eichard Glazebrook is the first President. 

1058. The World Power Conference. — This comparatively 
new organisation ^ held its first congress during the Wembley 
Exhibition, and thereafter published four stupendous volumes of 
papers and discussions on every phase of power production and 
utilisation. It has not so far branched out into rules (except as 
to its own constitution), but is mentioned here because its work 
is more or less parallel to that of the bodies dealt with in the pre- 
ceding paragraphs. Among its activities it took up the question 
of the rating of rivers for hydro-electric development, on the 
initiative of one of the present Authors, and this subject has since 
been transferred to the I.E.O.' — which in the aforesaid Author's 
opinion is far less likely to come to a decision on it within reason- 
ble time.f A Fuel Conference under the auspices of the W.P.C. 
was also held in 1927. 


* 63 Lincoln’s Inn !Field, London, W.O. 2. 

t This question, was not mentioned in Chaps. 8 to 10 (Water Power) as it had 
not then arisen, but it is of sufficient importance to £nd a place here. The papers 
presented to the First World Power Conference included a complete set dealing with 
the water-power resources of all the countries represented ; but the estimates were 
based on no standard system and were not directly comparable. Mr. J. W. Meares 
was asked to write a paper summarising the statistics, and this was published in the 
Journal World JPower, Yol. 3, No. 13, Januaay, 1925. The estimates were given 
(i) in kilowatts ; (ii) in electrical horse-power ; (iii) in turbine horse-power ; (iv) in 
theoretical water horse-power ; (v) from run-off and altitude; (vi) in actually developed 
and installed power, which is of course often far in excess of the continuously avail- 
able 24-hr. power. After applying various factors a total of 138 million kW was 
found ; but a plea was made for agreement on a coromon basis in future, and this is 
now being sought. See index ‘ Rating of rivers.’ 
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1059. The British and Allied Electrical Manufacturers 
Association (B.E.A.M.A.). The B.E.A.M.A., as it is invariably 
known, aims at establishing a high and uniform standard in the 
commercial and technical practice of menibei's of the Association • 
and its publications deal largely with these matters. Among them' 
may be mentioned a aeries of leaflets on ‘ Conditions of Sale ’ of 
goods in the United Kingdom and abroad ; a series of Manufacturers’ 
Purchasing Specifications ; and a number of ‘ Standardisation Rules 
for Electrical Machinery ’ dating from 1913, which may profitably 
be read in conjunction with the B.S.I. and I.E.C, Reports and 
Specifications. They cover a very wide range, and overlap in 
many eases matters in which the I.E.C. has also done much spade 
work. 

1060. Bibliography . — (See explanatory note, § 58, Vol. 1.) 


The Law. 

The Law relating to Electric Lighting, Power and Traction, Judge J. Shiress 
Will, K.O. ; fifth edition, by John 0. Dalton, A.M.I.E.B. (Butterworth). 

The Electricity (Supply) Act, 1926. (A supplementary volume to the previous 
work, with which it will no doubt be incorporated.) Same Author and 
Publisher. 

Classified Synopsis of the Electricity (Supply) Act, 1926. W. G-. Bond. 
JSJlectrical Press, 

The Electrician : Electrical Trades Directory and Handbook : Annual Legal 
Digest, containing the latest decisions of the Courts. Electrician, 

The Law relating to Electrical Energy in India. J. W. Meares, C.I E 
(Thacker Spink. Fifth edition, 1938.) 

Electricity Supply Map of Great Britain. Electrical Press, 

Administration. Publications issued by H.M. Stationery Office, 

Annual Reports of the Bleotrioity Commissioners, of the Senior Electrical 
Inspector of Factories, of H.M. Electrical Inspector of Mines. 

Copies of Acts of Parliament, including Special Acts : of Provisional and 
Special Orders- 


Eegulations of the Electricity Commissioners (A) for Securing the Safety of 
the Public, and (B) for Ensuring a Proper and Sufficient Supply of 
Electrical Energy (El. 0. 38). ^ 

Eegalations for Overhead Lines prescribed by the Electricity Oommissionars 
under No. A. 13 of the above (El. C. 53). 

Regulations of the Electricity Commissioners as to Extra High Pressure (A) 
for Securing the Safety of the Public, and (B) for Ensuring a Proper and 
Sufficient Supply of Electrical Energy (El. C. 13). 

Eegulations prescribed by the Eleotrioity Oommissionero under Section Pour 
of the Electric Lighting Act, 1888 (El. C. 12). 

Memorandum by the Senior Inspector of Factories on the Eleotrioity Regula- 
tions under the Factory and Workshop Acts, 1901 to 1920 (Form 928) 
statutory Eules and Orders. 1908, No. 1312, Factory and Workshop : Danger- 
ous and Unhealthy Industries. 
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General Regulations as to the Installation and Use of Electricity in Mines, 
with Explanatory Memorandum, Goal Mines Act, 1911 (Mines and 
Quarries, Eorm Mo. 11). 

Regulations made by the Minister of Transport under the Provisions of 
Special Tram-ways Acts or Light Railway Orders authorising Lines on 
Public Roads. 

Regulations and Bye-laws made by the Minister of Transport fas regards Elec- 
trical Power on Individual Tramways. 

Memorandum of the Ministry of Transport regarding Retails of Construction of 
Mew Lines and Equipment. 

Guard Wires on Electric Tramways and Light Railways. 

MoN-OFFiciA-ii Documents. 

Model Form of General Conditions for Contracts (the I.E.E.). 

Clauses for Street Lighting Specifications (the I.E.E.). 

Regulations for the Electrical Equipment of Buildings (I.E.E. Wiring Rules). 

Regulations for the Electrical Equipment of Ships (the I.E.E.) . 

British Standards Institution, List of British Standard Specifications (G.C. 
8248), and also * Indexed List ’ of the same (0.0. 7822). 

Standardisation Rules (Export) for Electrical Machinery and Transformers 
(B.S.I.). 

Standardisation in Industry. C. le Maistre, O.B.E., Secretary of the B.S.I. 
Engineering^ September 25, 1925. 

International Electro-technical Commission: Reports, etc. (I.E.O,). 

World Power Conference. Transactions and Interim Reports. (Lund 
Humphries.) 
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Entries relating to the present Volume III are in roman 
type ; those to Volumes I and II in italic^ some of them 
referring to the fifth edition now in preparation. 


References are to numbered paragraphs, not to pages. 


Volume I contains §§ 1-386. 

y4BBME VI AT IONS and symbols, list of, 6. 
Abrasives, production of, 981. 

wheels, high-speed, 776. 

Absolute temperature, x66, 
units, 2. 

Absorption of heat, 6ig. 

Agoelbration — 
automatic, 741. 
energy demand for, 883. 
in lifts, 794. 

— traction, 879. 
negative, 899. 

— in lifts, 796. 
on local lines, 866. 
power required for, 882. 
station output due to, 883. 

Accelerator for heating', 62y. 

Accessories, fittings, etc., Vol. II, Cluip. 2j. 
for conduit wiring, $42. 
on ships, 678, 964. 

Accidents in mines, 812. 

from failure to earth meted, S33- 
Accumulators {Ghap. 18 — see ‘‘Secondary 
cells ”}. 

0,8 phase advancer, 160. 
steam, lyy. 

Accuracy of instruments, g2 et soq. 

Acetylene, 973- 

Acheson process for abrasives, etc., 981, 982. 
Acid-proof paints, 76. 

Acre-foot, 202. 

Acyclic gemrcUor, 134, isy. 

Aczol, 86 
Adapters, 496. 
cost, 591. 

Addition of loads of various P.F., J57. 
Adhesion ; adhesive force, 871, 890- 
Adhesive tape, 34. 

Administration of the Electricity Acts, 1046, 
Advance edhy, 69 {Table 6). 


Volume II contains §§ 387-668. 

Advantages of electricity in agriculture, 844. 
mining, 812. 

.ship propulsion, 957. 

A.M.Q. rectifier, 423. 

Aerial lines, specification for, 1007 (see “ Over- 
head lines ”). 

Ageing, electrical, 634. 
magnets, 83. 
ovens, 642. 

Agbicultubb, Eleotrioity in — 
advantages of, 844. 
bee-keeping, 856. 

cost of cables and overhead lines for, 846. 

credits and finance in, 859. 

dairy work, 865. 

distribution for, 847. 

drainage, 863. 

Electricity Commissioners’ Memorandum 
on, 846. 

electro- culture, 857. 

energy and power data, 845 et seq., 868. 

ensilage, 852. 

farms and farm buildings, 847. 
fodder treatment, 862. 
haulage, 854. 
industrial power for, 849. 
irrigation, 853. 

lighting and domestic power, 848. 

overhead lines for, 846. 

plant for, 846. 

plougMng, 851. 

poles for rural lines, 846. 

poultry farming, 856, 

power, domestic in, 848. 

— and energy data, 845 et seq., 858. 

— required by machines, 850. 

— supply for, 845. 
pumping, 853. 
ring mains for, 846. 
rural lines for, 845 et seq. 
shafting v. portable motors, 850. 
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References are to numbered paragraphs, not to pages. 

Volume I contains §§ 1-386. Volume II contains §§ 387-668. 

teasfotmer and consumer date rural K„r» 394 , 


846 (Table 179). 

transmission by rural lines, 846. 

Aie — 

and, oil imme,rsionf ^oo. 

-bla,st cooling, 400. 

— motors, 

— switches, 3'j2-4. 

— transformer, 400^ 

-break switches, 364 efc soq. 
compressors, 766 (Tables 144-7). 

-cooled generators, 146. 

core high-frequency furnace, 64^. 
data for fans, 764, 765. 
dielectric, 7^ {Tdhle 7), j8, 79, 287, 

-gap in magnetic clutches, 808. 

43 , 45 ‘ 

— in solenoid, J55. 
gas, iy8. 

heating electrically, constants, drp. 

-pwmp condenser, ig$, 
resistance in traction, 879. 
supply to generators, 336. 
temperature and cables, 2gi. 
temperature in tests, 1024. 

Ajax-Northrup furnace, djp, 978. 

Ajax- Wyatt furnace, 63 g, 64^. 

Albedo, 600, 

Albertol, 34. 

Alcohol fud, xy8, ijg. 

Alkali production, 984. 

Alkaline cells — see “ Secondary batteries.” 
AlUum cdls, 434. 

All-electric house, 576. 

“ AB-electrio ” remote control, 741. 

AU or paH switching, 30X. 

AUis engine, xy2. 

Alloy steel, 979. 

— furnaces, 646. 

Alloys, resistance of, 67 {Table 6). 

“ All-’w^att ” induction motor, 688. 

Ahnehc, 63. 

Alteen-ating Ctjebent (see also Single- 
phase j Three-phase ”) — 
and continuous, 10, 2g4. 

— ■ — distribution, 4^5-8. 

in, wdding, 636. 

arc lamps, ygx, 3g2. 
boosters, 142. 

— synchronous, 41X. 
converters, 4og et seq. 
demerOw^, xo et seq. 
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locomotives, 919, 
motor-generators, 388. 
motors, see “ Motors, A.C.” 
railway construction, 919. 
rectified, 13. 
rectifying, 413 et seq. 
regenerative braking, 900. 
return circuit, 905. 

single-phase and 3-phase compared, 436, 
transformers, 3g4, 3gg. 

— elementary, ir. 

— transmission, 2gy-3oo, 304, 303- 
three-phase alternators, 134, 141, 143. 

- — auto-transformer, sg6. 

— cdbles, 31X. 

— elementary, 13. 

— lines, 306, 313, 

— power, no, 

— sequence, 130. 

— supply, 463-y, 

to I -phase or 2 -phase transformer, 3^4, 

— transmission. Chap. jj. 

— voltmeter, xoo. 

traction motors, ^ee “ Motors, traction.” 
transformers and converters, sSy, 3gj et seq. 

— transients in, 3g4, 40J, 
transmission, 2g4. et seq. (soo ‘‘Trans- 
mission ”). 

V. D.C. in mines, 814. 

for ship propulsion, 958. 

traction, 867, 868. 

itoo-phase, x6. 
ivattmeters, ixo. 

AXTBRJTATOltS — 
asynchronous, 144. 
back-to-hack test of, 1021. 
delta and star connections, 143- 
drying by embedded heaters, 963. 
d&mentary, 132, X33. 
excitation of, 140. 
hydraulic drive, 234. 
impedance, ijy. 
paraMel running, X4g, 130. 
power to drive, X64. 
pressure regulation, X4y. 
rating, J36. 
reactance, 14^. 
short-circuit tests of, 1020. 
specification of, 1001. 
speed of driving, X43, 234. 
star and delta connection, 143- 
synchroMsing, I4g, 321. 
synchronous, 143. 
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Alteen-atoes {coni .) — 
testing, Oliap. iO passim, 
turbine driven, 14$, 146. 
voltage regulation, I4y. 
vxLter-wheel driven, 2^4. 

Altitude and temperature of transformers, 402. 

effect on power, lyg. 

AnxiMnsTiJM — 

alloy conductor material, 63. 
and thermal storage, 62y. 
arresters, 346. 
bromide cycle, 166. 
bus-bars, 383. 
by electrolysis, 635. 
cables, 2go. 
conductors, 324, 331. 
constants, 63, 66, 308. 
energy for melting, 643 {Table loi). 
hydrate in Drmnm battery, 873. 
in quasi-arc welding, 633. 
overhead wires, 328. 
production, 975. 

properties, 63, 66, 308, 645 {Table g8). 
rectifier, 4iy. 
regulations as to, 324. 
shaft cables, 819. 
steel-cored cables, 917. 

Aluminium-bronze, 67 {Table 6). 

Alundtim and aloxite, 8$, 981. 
cement, 636. 

Ambient temperature in tests, 1023-6. 

American battleships compared, 961. 
frequencies, xjy. 
terms for motors, 670. 

Ammeters, 97, loo, 135, 385. 

Ammonia production, 973. 

Ammonium sulphate, z6g, 973. 

AmorpTwus casbon, 66, 

— electrodes, 64X. 

Amortiasmr •windings, 679. 

Ampitri! {see also " Gurrent ”) — 

•balance, loi. 
definition, 2, 3. 
effective or virtual, 2g. 
eHementary, 25. 

-hours, 28. 

— met&rs, 97, 113, 114. 
maximum, A.O., 31. 
meters (see “ Ammeters ”). 

-second, 2, 28. 

-turns, 42. 

— orb instruments, gS. 

magnet, Sj. 

Ampere-hour capacity of traction cells, 940 
{see also Secondary batteries ”). 
efficiency of cells, 431, 432. 
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Amperis rule, 33. 

Amplifying, 420, 421. 

Amplitude of curve, 56. 

Analysis of costs, ig4, 26g. 

Andhra Valley plant, 242. 

Angle insulators, 330. 
stays, 326. 

Angold arc lamps, sg4. 

Anion and cation, 970. 

Annealed and hard-drawn copper, 2g3. 
Annealing, declricdl, 646. 

Annual fiow off catchment, 204, 

Annuities for loan repayment, 1014. 

Anode and cathode, J27, 970. 

Anthraqninone, 986. 

Antimony, 66, 127, 346, 991. 

Aperiodic instrument, go, 

A-posts, 323. 

Apparatus, protection of, Ohap. 13. 

Apparent power, 36, no, 133, 

— resistance, 44 (see ** Impedance'*'^). 
Applications of arc welding, 64g. 

Appucatton-s of Ej:.EOT3aiC3ir3r (see also 

Vol. n, Chaps. 25 to 27) — 
in agriculture (Chap. 33). 8ee “ Agriculture.’* 

— driving (Chap. 30), 747 (2). 

— hoisting (Chap. 31). 

— industrial processes (Chap. 38). See 

“ Processes.” 

— mining (Chap. 32), 823 et seq. See also 

“ Mining.” 

— road reldcles (Chap. 36). See also 

“ Boad vehicles,” 

— ship propulsion (Chap. 37). 8 fx “Ship 

propulsion.” 

— traction (Chaps. 34, 35). See “Electric 

traction ” ; “ Bail-ways ” ; *' Road 

vehicles ” ; “ TVamways.” 

Approval of systems of supply, 1047. 

Abo — 

cutting, 636-g. 
furnaces, 640, 971. 

-incandescent ** pointoUtef^ 597. 
industrial processes, 633. 
lamps and frequency, 133. 

gas compared, 6og. 

power factor, 136. 

— efficiency, 583, 594, 595- 

— enclosed, 3g3. 

— ficme, 3g4. 

— magazine, 3g4. 

— opm, 3g2, 3gg. 

— povniolile, 597, 599. 

— pressure for, 595. 

— principle of, sgi. 

— Sperry, 613. 
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Arc (con^.) — 

lighting dynamo, ij8. 
radiation furnaces, 640. 
resistance fwTTiaces, 640. 
suppressor, 351, 
welding, automatic, 634. 

— carbon, 631. 

— characteristics of arc, 6 3y, 

— general, 630. 

— generators for, 636. 

— in gases, 633. 

— quasi; 633. 

— with metal electrodes, 632. 

Arcing grounds, 331. 

— tips, 365. 

Arcwall coal-cuttcrs, 834. 

Area required for plant, ig6. 

Argendan, (5/ {Table 6). 

Armature, 132, 133. 
control of shunt motors, 717. 

— of motor, 671. 

-volts, 138. 

Armoured cables, 283, 2go. 
conductors, I.E.E. rule, 35g. 
draw-out switchboard, 380. 

Armonring, conductivity of, 821. 

Amo meter, 2^4. 

Aron meter, I13. 

Arrangement of switchboards, 382. 

Arresters, lightning, 346. 

Artificial daylight, 3y8. 
silh, y4. 

sunlight, 388, 3g2, 595-^. 597-^* 

Asbestos, 73 (Table 7), 74, 80, 83- 
Ash disposal, ig6. 

separation, magnetic, 809. 

Asphalt, 75. 

Association cable, 281, 284 (see “ Cable ”). 
Asynchronous alternator, 144. 

motor-generator, 388. 

Atmos boiler, lyo. 

Atmospheric condenser, 173. 

Atomic hydrogen in arc wedding, 633. 
Attraction between comductors, 338. 

Austin constant-current system, 678. 

for -winclies, etc., 791. 

Auto-compensated induction motor, 688. 
Automatic — 
acceleration, 741. 

— railway, 921. 
arc wdiing, 634. 
brakes on lifts, 797. 
control gear, 738. 

control of heating in rooms, 620. 
devices for switchgear, 373. 
hydro-ehctrk stations, 187, 217. 
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Automatic (conf .) — 
landing gear on lifts, 797. 
motor control, 742. 
regulation of 3-wire system, 38S. 
stations and suh-stations, 187. 
sub- stations, 428, 869. 
switches, 363 et seq. 

Auto- transformer, 59 <5, 47 g. 
for arcs, 3g3. 

— starting induction motors, 724. 
starter, B.S.I. definition, 736. 
starters, 738. 

Auto-vapour system, distillation and evaporation, 
626. 

Auxiliaries on ships, 678, 964. 

Auxiliary transformer connection, 3g4, 3g3. 
Average value of sine wave, 30. 

Axlc-drivon railway lighting plant, 929 et seg. 


ABOOCK <h WILCOX boilers, 170, 
Bach B.bd.F,, 28- 

Backfiring in mercury-vapour rectifier, 423. 
Backward cells, 432- 
Baily furnace, 636. 

BaJcelite, 73 (Table 7), 74, 73. 

Baking ovens, bread, 644. 

— enamel, 643. 

Balanced and unbalanced circuits, iio- 
voltage protection, 559. 

Balancer, field rheostat, 736. 

panda, 383. 

Balancers, 388, 461. 

and 3-wire generators, 141- 
Balancing reservoirs, 240. 

3-wire system, 461, 463. 

Balhaoh-Thum process, silver, 989. 

Baling presses, cotton, 776. 

Ballistic galvanometer, g6. 

Band and belt conveyors, 835, 
saws, 776. 

Banki turbine, 133. 

Bar coal cutters, 834. 

Bare conductors, 4. 

— in buildings, 361. 

Barges, electrical, 966. 

Barlow's method for finding run-off, 204. 

Barn line-shafting and portable motors, 860. 
Barometric condenser, 173. 

Barrder tubes, 64, 383. 

Basalt, 74. 

Bastian boiler, 623. 
meter, 114, 

Bathrooms, heating in, 632- 
BaUen lampholders, 483. 
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Battery'(ies), Secondary (see “ Primary- 
cells,” “ Secondary batteries ” ; see also 
Yol n. Chap. 18 )— 
cut-outs, 35S. 
elemeuiary, I2y, 128. 
jloating, 142, 
meters, I14. 

^panels, 385. 

Battleships, steam consumption of, 961 . 
Bauer-Wach system, of exhaust turbines, 9, 

Bauxite, S3, 975 . 

Bayonet holders, 485, 48y. 

Bazin" s formula, 210, 211. 

BB alloy, 67 {TcMe 6). 

Beacon met^, 6y {Table 6). 

B.E.A.M.A. (“British & Allied Electrical 
Manufacturers’ Association”), J32, 1059 - 
Bear self-balance protective syst&m, jjp. 
Beard-Hunter sheathed 'pilot system, J59. 
Bearings, motor, 671 . 

Beaver's test for tinning, 282. 

Beck searchlight, 613. 

Bedplates built up and welded, 64g. 
Bed-warmers, 631, 

Bee-keeping, electricity in, 866. 

Bells, electric, in mines, 839 - 
Belt and band conveyors, 835 - 
driving, 164. 

Bending rolls, 775 . 

Benson boiler, J70. 

Benzine, 75 {Table 7). 

Benzol, j6g. 

Berry system, transformers, 402, and Big. 
109. 

BeryHium hydrate in Drumm battery, 873 . 
B.E.S.A. (novr B.S-L), see “ British Standards 
Institution.” 

Betts process, lead, 992 . 

Biassed relay and transformer protection, J59. 
BipmcoGEuiPHiES, 38, 8y, 125, 132, 163, J84, 

igg, 238, 26y, 276, 293, 336, 360, 386, 

429, 435 . 457. 4 ^ 3 , 509. 53 ^. 5 ^ 3 . 577 . 

614, 648, 668, 712 , 745 , 782 , 810 , 843 , 

861 , 934 , 966 , 967 , 998 , 1016 , 1038 , 1060 . 
Bichromate cdl, J2j. 

Bimetal fuse wnre, 342. 

Binary converter, 4x3 (a). 

fluid cydes, 166. 

Bipolar electrodes, 970 . 

Bird-guards, 324, 330. 

Birds and overhead mres, 916 . 

Birkeland-Eyde process, 974 . 

Bismuth, 63, 67 {Table 6), 121, X2'j, 346, 
991 . 

Bisulphide of carbon manufact'ure, 633. 
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Bitumen, 33 {Table 7), 34. 
cables, 283, 283. 

— dieledric, 28y. 

— in mines, 819 . 

‘ Black body,"" 383. 

Blast-furnace gas, i6y, 17S, i8r. 

in collieries, 810 . 

— power for, 778 . 

Bleach, electrolytic, 894 . 

Block signaJlmg, 933 . 

Blooming mills, 778 . 

Blowers and exhausters, 766 . 

Board of Trade, 293, 324 : see also “ Elec- 
tricity Commissioners”; “Ministry of 
Transport.” 
unit, see “ Unit.” 

Boiler plant in Q.B. statistics, zyo. 

Boilers, domestic, 613, 621 et seq., 657. 

— cost, 374. 
mercury, 166. 
specification of, 1009 . 

Boilbes, Steam — 

Babcock, Benson, Bonecourt, Stirling, xyo. 
general, 166 et seq. 
grabs area, 170. 
heating surface, 170. 

-house efficiency, 17 X. 

La Mont, 170. 

Loffier, 170. 
losses, 171. 

7 elcx, 170. 

Boiling, hoi-plates for, 630. 

Bolts replaced by electric welds, 649. 

Bombay, Baroda & Central India Railway, 
868, 916 . 

Bonding rails, 904 . 
and welding rails, 903 . 
cost of, 925 . 

steel catenary to contact wire, 917 . 
Bonecourt boiler, 170. 

Boosters, 142. 
for batteries, 432. 
synchronous, 411, 

Boosting and bucking, 389, 393. 
traction, 906 . 
transformer, 393, 406. 
vehicle batteries, 949 . 

Booth furnace, 640. 

Bootmakers’ machinery, 775 (Table 163 ). 
Boring machines and mills, 776 . 

Boron steel, 979 . 

Boucherot motors, 684 . 

Bougie decimole, 577. 

Boulder crates, 236, 
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Bow collectors, railway, 913. 

— tramway, 912. 

Bowden-Thomson shmth&d-cahh system, 3Sg. 
Bowd fires, 620. 

Jitiings, 5^2, 603, 603, 5 o 6 . 

— cost of, 572. 

Brachet holders, 483. 

Brackets, cost of, S'j2, 

tramway, 910. 

Brakes; braking, 899. 
on “ electrics,” 946. 

— lifts, 797. 

— motors, 715. 
regenerative, 900, 946. 

Branch circuits, control, switches, and witing, 
Chap, 22. 

distribution board, 311, 321. 

Brass — 

and thermal storage, 62y. 
arc welding, 64^. 

Badly furnace for, 636. 
conduit, S40. 

energy for melting, 647 {Table loi). 
melting, 63^, 647. 
plating, 994. 

properties of, 6$, 67 {Table 6), 643 {Table g8). 
Bread o/vens, 644. 

Breakage of overhead wires, 324. 

Breakdown voltage, 70, 72. 
of air, 78, 7p. 

Breaking capacity of switches, 36^-71. 

BEEAJKnra Stress — 

bronze, 331. 
copper, 2g3, 307, 324. 
dip and, 328, 32g. 
insulators, 330. 
of wires, 324. 

overhead construction, 324 et seq., 328 et 
seq. 

poles, 324, 325. 
stay wires, 326. 
steel wires, 3og. 

Breathing valves, 38g. 

Bridge megger for cable tests, 120, 1032. 

Wheatstone^ s, 120. 

Bridges and overhead lines, 914. 

Brightness defined, 380. 

intrinsic, 3^7, $gg. 

Brighton line electrification, 921 (2). 

British. & Allied Electrical Manufacturers 
Association (B.E.A.M.A.), 132, 1069. 
British Standards Institution (B.S.I., formerly 
B.E.S.A.), 5, 1066. 

definition of fractional horse-power, 710. 

starters, etc., 736. 
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British Standards Institution {cont.)~ 
reports, 5, 7, 12, 23, 38, 67, 87, g2, 108, 123, 
136, 152, 173, 184, 27g, 2g3, jjj, 32^ 
336, 3^0, 363, 373. 
specification for transformers, 402. 
standards for conductors, 27 g. 

motors, 670. 

rating, 136. 

rivers, 2og. 

switchgear, 372. 

troUey wire, 909. 

— groove for trolley wheel, 912. 

— plugs and sockets, 963. 

— pressure and frequency, 1047. 

— rails, 901. 

— trackwork, 901. 

— traction motors, 896. 

— tramway poles, 910- 
Beitish-^ 

thermal unit, 48, 30, 32, 33. 

from coke, gas, and electricity for water 

heating, 622. 

required to heat air, 6ig. 

materials, 61S. 

Thomaon-Hovston auto arc welder, 634. 

— frequency meter, XX2. 

— protective system, 33g. 

Bronze, 63, 67 {Table 6), 331, 333. 

energy for melting, 647 {Table xox). 
properties of, 643 {Table g8), 

Brown-Boveri rectifier, 423. 

— speed control, 716- 
Broum coal, x68. 

Brush Co.’s starter for converters, 4x3. 
discharge, 3x6. 
tapping switch, Tig. xo8. 
volts, X38. 

Brushes, 66, X33. 

B.S.L, see above, “ British Standards Institu- 
tion.” 

Bucking and boosting, 38g. 

transformer, X42. 

Buckley’s pocket-book, 204, 

Buffer battery, 430. 
resistance, 368. 

Building research station’s work on heating, 620. 
up field, 138. 

Buildings for power-house, xg6. 

Bunching wires, 4, 343, 344 {37). 

— in casing, 336 {27), 337. 

Burma mines, 991. 

Bus-Bar — 
cmmsjctions, 383. 
eascitation, X48. 
reaetance, 340. 

Butt wddinq, 660, 66x, 663, 666, 
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By-product poorer, 230 - A, 776. 

By^^prodtwta from fneZf i6g. 


CaBLE{£) and wires (VoL J, Cha:p. 
J3) j see also ** Oonduciore’* ; *^Wir6s ” — 
and tvireSf Chap. 13. 

— overhead lines, 334. 
armoured, 283, sgo. 

AssocicUkm grade, 281, 284, 
bitumen insulated, 283, 28y. 
cab-tyre sheathed, y4, 283. 

capacity and charging current, 3 oy, 31J. 
cl^s of, 283. 

construction and jointing, 2 go. 
drop of pressure in, 24, 286. 
extra high pressure, 288, 28g. 
fault locaJisation in, 1032. 
fireproof, 283, 
grade of, 281. 
graded, 28g. 

heating of, 2gx, 312, 338. 

I.E.E. rules, 280, 285, 313. 

impedance, 3x0. 

in. mines, 819, 820. 

inductance, reactance, impedance, 3x0. 

insulated, 3x0 et sec[. 

insulation of, 5^5* 

— resistance of, 1029. 
intersheath, 28g, six, 3ig. 
localising open circuits in, 1032. 

Mahers' Association, 28X, 284. 
on. shipboard, 969, 964. 
paper insulated, 3x1. 

power factor of, 1030. 
pressure drop, 24, 286. 
reactance, 3x0. 

resistance (see Resistance ”). 
specification for, 1006. 

— of smcdl, 534 (5), (<5). 
steel-cored aluminium, 917. 
suh-rnain. Six, 320. 
submarine, 2g2. 

testings 1027 et seq. 
tests, loop, 1032. 
tropical, 281. 
underground, Chap. IX. 
vulcanised indict-mbher, 283, 28g. 

^S6. 

“ Cabdyre sheathing " cables, y4, 283, 53X. 

cost of, 363, 

for mines, 820. 

Cadmtom — 
copper alloy, 63, 33X. 
in copper trolley wires, 909. 
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Cadmium (cont .) — 
properties, 67 {Table 6), I2g. 
standard ceU, X28, 

Calcium by electrolysis, 633. 
carbide, 633, 973. 
nitrate, 974. 
production, 980. 

Calculations of power for traction, 884-6. 

— short-circuit current, 559- 
Calico looms, 776. 

printing, 777. 

Calido alloy, 67 {Table 6). 

Gcdifomian Edison Go., 3x3. 

Calorie and great calorie, 48- 
Calorific values, j68, ijo, igi, 138, igi. 
Cdlvete tele-switch, 303. 

Cambric insulator, 75 {Table 7), 34, 287. 
Cambridge Scientific Instrument Co.'s potentio- 
meter, 95 (2). 

Campbell' s potentiometer, 95 {2). 

Canal falls, 2x6, 218- 
Canals and forebays, 231, 

Caitoi^b — 
lamps, 386. 
power, sjg, 380. 

— horizontal and spherical, 381. 

— of arc lamps, sgi, sgf, 597, 599. 

— per waU, 382, 583. 

— polar curves, 381. 
standard, 579. 

Cap insulators, 330. 

Capacity-, Eldctrostatic — 
cables, joy, 3x1. 
concentric cables, 311, 
condensance and, 46. 

currents {see Charging currents ”), 1030. 

elementary, 2, 46. 

frequency and, 133. 

of insulator, 330. 

overhead lines, S.P-, 303. 

three-phase, 306- 

power factor and, X36, 
reactance, 46, 133, 304. 
resonance and, 330. 
tables of, 303. 

Capacity of lifting magnets, 806. 
of secondary cells, 430 et seq. 

— traction cells, 940, 941. 
requirements of lifts, 799. 

Capital cost and charges, plant, 1^4, X95. 

— electric traction, 926 ei seq. 

Capstans and winches, 790, 791. 

Carbide of calcium, 633, 973. 

CAEBOisr (see cdso bdow “Carbons-”) — 

bisulphide and tetra-ohloride, 633, 983. 
breai^, 363. 
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Care ON (cont .) — 
electrodes, 66, 641. 
filament lamps, 584, 599. 
lamps, cost, 

— efficiency, 583. 

— for heating, 620, 

properties, 66 {Table 6), 643 {Table g8). 
resistors for furnaces, 6iy, 635 {Table g6). 
rod resistors, 636. 
steel, 66 {Table 6). 

— electrodes, 633. 
temperature coefficient of, 383. 
tetrachloride, 77, 575, 983 . 

Carbons {see also above Carbon ”) — 
arc, 59J, 599. 

— welding, 631. 

for furnace heating, 636. 

Carboninduin, 6y, 83, 633, 981 . 

resistors, 636. 

Carcel, 579. 

Card-room machinery, 776 . 

Care of accumulators, 432. 

Cargo vessels, electric drive for, 962 . 

Carriage and water-power, 2iy. 

Carriages, cars, see “ Coaches,” “ Road 
vehicles." 

Carry-over storage of water, see “ Water storage 
and power.” 

Car-switch lift control, 797. 

Cartridge fuses, 3^3. 

Cascade connection in ship propulsion, 968 . 
converter, 413. 

— Brush Go's starting method, 413. 
coupling, 898 . 
induction motor sets, 694 . 
speed control for induction motors, 727 
(Table 135 ). 

Casing, cost of, 36g. 
wiring, 333-3. 

Cast iron, 64, 67 {Table 6), 82. 

— energy for melting, 643 {Table 101), 

— welding, 632. 

Castings, arc wdding, 630. 

Castner process, 980 , 984 . 

Castor oil, 33 {Table 3). 

Catchment areas, 202, 203. 

Catenary construction, 914 , 917 , 918 . 

Cathode (Kathode) and anode ; cathoUte and 
anolite ; cation and anion ; 123, 970 . 
ray oscillograph, 118. 

Caustic alkali production, 633, 984 . 

Cavitation, 214 . 

Cedes wheel in road traction, 944. 

Ceiling fans, 768 . 

— ■ tests of, 1036 . 
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Ceiling fans {cont.)-— 
roses, 4go, 4gi, 334 {13), 

— cost, 331. 

Ceels {see also “Primary cells”; “Secondarv 
cells ”) — 
elementary, 123. 
for caustic alkali, 984 . 

road traction, see “ Secondary batteries.” 
standard, Clark da Weston, 95, 128. 

Cellular type switchboards, 336, 338. 

Cdluloid, 33 {Table). 

Cellulose silk, 34. 

Cement as insulator, 33. 
mills, 779 . 

Census of production, 780 . 

Central Electricity Board, 1041 . 

Central Stations, 183 et seq. 

— and welding load, 663. 

— output statistics, ig3. 

Centralisation of plant, 183 et seq. 

Centre-pole construction, 909 , 910 - 
Centrifugal fans, 764 . 

pumps, 768 , 770 . 

Ceramic insulator tests, 1033 . 

Ceylon, water-power, 243. 

C. 0 . 8 . system of units, 2. 

Chain coal cutters, 834 . 
conveyors, 836 . 
mortisers, 776 . 
welding, 661. 

“ Change-circuit ” system, 264. 

-speed motors, 670 . 

-over switch controller, 736 . 

Changing form of A.C., 433. 

D.C., 438. 

Channels, water, 211, 212, 233. 

Charaotbristio curve, 134, 138. 

— motor, 672 . 

— of shunt motor, 676 . 

traction motor, 886. 

of industrial loads, 780 . 

— Mather & Platt train-lighting dynamo, 

series, shunt and compound, 763 . 
typical, of A.C. and B.C. motors, 670 
(Table 113 ). 

Characteristics of rectified current {Table 38). 
Charcoal iron, 82. 

Charge indicator, 104. 

Charges, cutting off supply for non-payment of, 

512- 

for electric supply (see Tariffs ”). 

— rural energy, 860 - 

— traction (tramway and trackless), 925 . 
starring and working, ig4. 
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Gltarging batteries, 432, 433. 

— for Tehicles, 948. 

Drumm type, 873. 

contacts, 368. 

electrolytic arresters, 346. 

Ohaeging (or Capacity) Current — 
and power factor in cables, 1030. 
cables, 30J, 31X, 351, 339. 
earths and, 35J. 
demeniary, 46. 
frequency and, J33. 
overhead lines, X33, 303, 306. 
power factor and, 136. 
protective systems and, 339. 

GhattertovkS compound, 34. 

Chemical and electro-chemical equivalents, 970 
(Tatle 213). 

processes (Chap. 38), see “ Processes.*’ 

corrosion, of lead 333, 

Chester plant, 223. 

Chicago, Milwaukee and St. Paul Railway, 863. 
Chick-rearing, 866 . 

Chlorate of soda and potash by electrolysis, 
633. 984. 

Chlorine production, 984. 

Cholcing coils, 43, 348. 

— /or arcs, 393. 

^ — in welder, 63^. 

Chrome steel, 979. 

Ghromite, 83. 

Chromium alloys, 83. 
plating, 994. 

Chronic aUoy, 67 {Table 6). 

Chucks, magnetic, 807. 

Church heeding, 619, 620, 

Cigar lighters, 631. 

Cinematograph motors, 706. 
heating, 620. 

OiE,crDTT(s) {see also Vol. 11) — 

-breaker, 343 et seq., 361, 363 et seq. 
-breakers, high speed, in traction, 869, 914. 

— high-speed, 3^2 {3). 
dosed, 9. 

elementary, 9, 436, 43^. 

— breakers, LE.E., rule as to, 508. 
magndic, 41. 

open, 9. 

protection of, Ghap. 13. 
short (see “Short Circuit ”). 

Circuits, Wiring and cordrol of, Vol. II, Chap. 
22. 

Circular mil, 2g2, 309. 
saws, 775. 

Circttlating current protection, 33g. 

water, ig 3. 

Clark cell, 128, 


Volume II contains §§ 387-668. 

Classotcation — 
instruments, 8g et seq. 
insulators, yy. 
materials, 3g, 60. 
traction, 864. 

■water-power, 203. 

— dielectrics, go et seq. 

Claude process, ammonia, 973 . 

Clearance on overhead railway construction, 
914. 

Clearances in oil-switches, 3yj. 

Cleat{s), cost of, 369. 
system of wiring, 346.8. 

cost, 565. 

Glimaoi alloy, 6g {Table 6). 

Clock.type meter testing, 1035. 

Closed circuit, 438. 

Clothes- washers, electric, 755. 

Clothing, heating electrically, 631. 
dutches, electro- magnetic, 751, 808. 
for starting induction motor, 724. 

synchronous motor, 722. 

friction, 751. 
hydraulic, 230- A. 

Coaches, Railway — 
heating and ventilation in, 928. 
lighting, 927. 

power generation in, 929-32. 

COAXi — 

cleaning, magnetic, 809, 
coke and, 168. 
consumption, 191-4. 
cutters, 834. 
gas, igS. 

grate area and, igo. 
mines, see “ IVCines,” 
sampling and analysis, 168. 
storage, 196. 

washing and screening, 837. 

Cobalt, 6g {Table 6), 81, 12g, 
alloys, 83. 

-steel magnets for motors, 673. 

Cobra pyrocess, tinher, 86. 

Coefficient of reflection, 380. 

Coefficients, hydraulic, 206, 2og, 210, 212, 24g. 

■oercive force, 81-83. 

Coil — 

armature, 132, 133. 
choke, 45, 348. 
dissonance, 33X. 

pressure reducing {vdt-hex), 95 , log. 
reactance, 45, 348. 
lods and cores of transformer, 398. 

Coke, 168. 
as resister, 636. 


YOD. III. 
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Coke (cont .) — 
fired hoUerSf 622. 
ovens, power for, 778. 

— and by-products, 16 g. 

— gas, i6yf 181, 

— gas from, in collieries, 816. 

Cold saws, 775. 

light, 575 imte. 
storage machines, 773. 

Collection of current, railways, 913. 

tramways, 912. 

Collector ring, X33. 

Collectors for third-rail, 920. 

Collieries {see also “ Mines ”), 818. 
power for, 779. 
use of gas in, 816. 

Colliers, electrically-driven, 967. 

Colour matching light, syS. 

signals, railway, 921. 

Corrib arrester, 346. 

Combined sets, cost, x8g. 

Combustion, intertval and external, 166. 

Comet alloy, 6y (Table 6). 

Commercial measurements, gy. 

Commutation, sparkless, I3g. 

Commutator, 133. 
and brushes, 671. 
motor and freguency, 133. 
motors, A.C., 699 et seq. 
rectifiers, 416. 

single-phase motor control, 734. 
three-phase motor control, 735. 
three-phase, for power-factor correction, 687. 
Companies and local authorities, generaling 
plant of, jp5. 

CoMPARISOir OF — 

A.C. and D.C., 473-4y8. 

A.C. and D.O. motors, 763. 
induction motors, 684 (Table 121). 
methods of speed control, 726 (Table 134). 
single-phase motors, 690 (Table 122). 
steam and electric traction, 894. 
various road vehicles, 964 (Table 206). 
Compensating windings, 671. 

Compensation, power-factor, 687. 

Compensator, B.S.I,, definition of, 736. 

for starting induction motors, 724. 
Composition of alloys, 67 (Table 6). 

— fuels, j68. 

Compound engines, 172. 

•wound generators, 134, 138, 148. 

— motors, 677, 763. 

starting and control of, 720. 

for lifts, 796 . 

Compounding mercury vapour rectifier, 422. 
Compounds, insulating, 74, 


Volume II contains §§ 387-668. 

Compressed air as dielectric, 78. 

n T • ^ 

— jr xux xuxnes, 832 . 

V, electricity in mines, 833. 

Compressors, air, 766 (Tables 144-147). 
for ice-making, 773. 

— mines, 833. 

Concentric cables, capacity, 311, 
holders, 486. 
wall sockets, 4gs- 
wiring, 559, 360. 

Concrete as insulator, 74. 
and thermal storage, 627. 

-mixer, power for, 779. 
poles, 323. 

Condensance, 46, 304. 

Condensation, avoidance of in plant, 963. 
cracking of water-vapour, 214, 
in conduits, 340, 

Condenser (Electric) — 
cable as, 304. 

Condensers, electrostatic, for lighting, 480. 
elementary, 46, 37, 

— in air-core induction furnace, 63^. 

— in spark wdding, 663. 

Moscichi, 346. 

power factor and, 156, x6o. 
type insulators, 368. 

•type motors, 689, 690. 
voltmeters with, xoy. 
steam, J75, xgx. 

Condensing engines, X72. 

Condensite, 74. 

Conditions in agriculture, 844. 
of contract, General, I.E.E., 334 note, 999 
1000. 

Conductance, 18. 

CONEUOTIVITy — 
of armouring, 821. 
of carbon electrodes, 641. 
of metals, 62 et seq. 
thermal, of maierials, 627, 

CoNDUOTOB Bails, 901. 
railway, 920. 
resistance of, 901, 902. 
sleds for, 64. 

CoNDUCTOBS (see also “Cables,” “Wires,” 
and under various metals) — 
aluminium, 63. 

aitraciion- and repulsion of, 338. 
hare, 4, 361. 

— in buildings, 361. 
bronze, 63, 66, 331. 
copper, zyg et seq., 307. 
current density, 27^ 
definition, 4, 59. 
earthed, 4, 333, 
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CoNDUCTOBs {coni .) — 
economic section of, 333, 
formulas for line, 324 et seq. 
hard-drawn copper, 30'j. 
insulators atvd, 59. 

I.E.E. rule as to, 513. 
in series, 443. 
in specification, $34 (5)* 
insulcUion of, $2$. 

Kelvin’s law, 333. 
lighting, 348. 

regulations as to, 324, 336, 

See also “ Cables ” ; Wires.’’ 

OON-DUIT — 
cost of, $ 68 . 
wiring, $3^-45. 

— cost of, $6$. 

— in specification, $44. 

Connecting charge, 5^4. 

OoiTNEcnonrs akd Gircitits (see also Vol. II, 
Circuits and Connections ”), Chap. xg. 
and joints, 488, 489. 
between generating stations, x86. 
bvs-hars and, 383. 
for heat control, 618. 
in mines, 820 . 
of transformer, 3^4, sgy. 
phase, i$0. 
to supply, j8$. 

Connectors, plug, 48g, 4gy» 
cost of, 57X 
CONSTA 3 iTT 

pressure battery charging, 948 . 
temperature in furnace, 636. 
voltage feeding points, 4‘J3. 

Gonstanian allcry, 6y {T(Me 6). 
CoKSTAITT-CintBENT 

battery charging, 948 . 

D.C. motors, 678 . 

dynamo, 138. 

lighting, 446. 

system in mmes, 815 . 

system {Thury), 317. 

transfcnm&r, 40$. 

transmission, 28g, 2g4, 317, 318. 

“ Constants ” in meter testing, 1035 - 
Cojsrsrjusrrs or — 
eduminium, 308, 331. 
bronze, 33X. 
cadmium-copper, 331. 
conductor 67 {Table 6), 331. 
copper trolley wire, 9 (^. 
hard-drawn copper, 3oy. 
insTdators, 73 {Table 7). 
sted wire, 3og, 331- 
water-power, 202. 


Volume II contains §§ 387-668. 

Constant pressure dijnamo, 138. 

Construction of — 
cables, 290. 
oil switches, 368. 
suAtcKboards, 382. 
trolley line, 909 . 

Consumer data for rural lines, 846 . 

Consumers and average load-factors, 780 
(Table 167 ). 

Oonswmer’s wires and cut-out, $14. 

Consumer's pressure, 23. 

Consumption of carbon decirodes, 641. 
Consumption of Energy (see also “Energy”; 
Power required ”) — 
and maxirnum demand, 576 . 
in private lighting, 606, 607. 

— public lighting, 6x2. 

Contactors, 374. 

Contactor- type starters, 736 , 738 . 

Contents, Table of, 856 . 

Continuity tests, X20-A. 

Continuous current, see also Direct current.” 

— conversion of, 4og et seq. 

— rectification of, 41$ et seq. 
furnaces, 636. 

wave generator, 420. 

Continuous mills, steel, 778 . 

rating of motors, 670 . 

Contract charges for agriculture, 860 - 
general conditions of, LE.E., $34 note, 999 , 
1000. 

CONTBOI; 

and damping, go, 

and wiring of circuits, Vol, 11 , Chap. 22. 
automatic, of motors, 742 . 
for instcdlation, $34 {12), $70. 

-gear, construction of, 738 . 

— for motors, cost of, 711 . 

— flame-proof, 740 . 
instruments and cables on ships, 969 - 
of A.C. motors, general, 721 - 

— traction motors, 873 , 898 . 

— branch circuits, Chap. 22. 

heating, 6x8, 

— D.C. motors, general, 716 . 

traction motors, 873 , 897 . 

tramway motors, 895 . 

— efficiency with electric drive, 747 ( 3 ). 

— lifts, 797 . 

speed, 796 . 

— motors, 713 et seq., 873 . 

— polyphase induction motors, 723 . 

— tramway motors, 896 . 
on G.I.P. Railway, 916 . 
panels, 38$. 

power f odor correction and, 161. 
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COKTEOL {cont .) — 

push-button, on lifts, 797. 
remote, 741. 
thermostatic, 615. 
transmission and, Part III. 

Controller definition of, 713. 

— and rating, 736, 737. 

for cranes and hoists, 788. 

— winding, 827. 
liq^uid, 739. 

motor, in mines, 822. 

Convection and radiation losses, 620. 

Convectors, ^y4, 620. 

Conventional signs, 7. 

Conversion and transformation of energy, sSy 
et seq. 

methods compared, 425. 

CONVBRTBES 

binary, 413 {a), 
cascade, 413. 
for traction, 142, 869. 
in mines, 814. 
rotary, 408 et seq. 
welding, 66y. 

Conveying, hoisting, etc.. Chap. 31. 

Conveyors and loaders, ig6, 836. 

(non-mi n ing), 803. 

Cooking Elbctbic — 
and heating, wiring for, $30. 
apparatus, cost of, 5^4. 
by induced current, 62 g. 
general, 628. 

LE,E, rule as to, 633. 
on vehicles, 928. 
safety in, 632, 

Coounsra — 

air in tests, temperature of, 1024. 
and heating curves, 1026. 

electric, on shipboard, 963. 

by hydrogen, 80-A. 
of transformers, 400. 
towers, J75. 

Copal, y4. 

Cori'BE — 

and thermal storage, 62y. 
annealed, 62, 66, 2yg. 
arc wdding, 64^. 
arm of, conductors, 2yg. 
breaking stress, 62, 66. 

British standards for, 2yg. 
bus-bars, 383. 
by electrolysis, 635. 
cadmium, 909. 

•cadmium wire, 331. 
conductivity, 62. 
conductors, 62,. 66, 2yg. 


Volume II contains §§ 387-668. 

Copper (cont .) — 
conductors, formula for, 2g3. 

— regulations for, 324, 336. 

-constantan couple, 122. 
density, 62, 66. 
dip and stress of, 32y et seq. 
elasticity, 62, 66. 

energy for melting, 64y (Table loi). 
expansion coefficient, 66. 
extraction and refining of, 987. 
for transmission, 328. 
fuses, 342. 
general formulae, 2g3. 
hard-drawn, 66, 2gs, joy. 
in electro-chemical series, X 2 y. 
line feeders, 923. 
melting, bjg, 746- 
-nickel-plating, 994. 

-oxide rectifier, 4iy. 

-plating, 994. 

properties of, 643 (Table gS). 
resistance, 62, 66. 

sheathed cables, JSg (sec also “ Intersheaihs*^). 

temperature coefficient, 62, 66. 

trolley wire, constants of, 909, 

weight, 62. 

wires, standard, 2yg. 

Cord grip, 48$. 

Cordite drying, 6ig. 

Core-balanced protection, jjg. 
material of, 82. 

Cores and coils of transformers, 

Comice and bowl lighting, 602, 603, 603, 606. 
Cornish boilers, lyo. 

Corona discharge, 316. 

Correction of power factor, X3g-j62. 

Corrosion, electrolytic, 324, 907. 

of lead, 553. 

Corundum, 83, 981. 

“ Cosmos ” hot-plate, 630. 

Costs — 

capital and working, 194. 

determination of, with electric drive, 747 (3). 

running, of “ electrics,” 947. 

tariffs and, Chap. X2. 

working and fixed, ig4. 

Cost op (see also “ Pre-war and post-war 
prices ”) — 

accessories, lighting, 3yx. 
adapters, 3yx. 
boilers, domestic, 3y4. 
brackets, 332. 
cable, V.l.B.,566. 
cab-tyre wiring, 363. 
carbon lamps, 3yx. 
casing, 36g. 
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Cost or {cord .) — 

Cost of (cont .) — 


ceiling fans, 57J. 

soldering irons, 374. 


— roseSy 57Jr. 

steam and electric traction, 894 . 


central station ^lant, 295, 

— sets, j8g. 


cerUrifugal pumps, J17J. 

steel conduits, 56S. 


deals, 569. 

sub-station losses, 426. 


combined steam sets, x8g. 

sioitches, 370. 


conduit, 568. 

table lamps, 372. 


connecting installation, 575. 

toasters, 574. 


connectors, 57X. 

tramways, buses, and rail-less vehicles. 

954 

convectors, 57-^. 

(Table 205 -A). 


coohing apparatus, 574. 

transmission lines, 218, 332. 


distribution boards, 570. 

turbines [hydraulic), 214. 


— lines, 

urns, 374, 


domestic fans, 573. 

vacuum cleaners, 373. 


— motors, 575- 

wall sockets, 371. 


eleetric installation {see Vol. II). 

washing machines, 373. 


— ploughing, 851 . 

water heaters, 374. 


— railways, 9 19 - A, 926 . 

water-tight fittings, 372. 


— supply, 26g. 

wiring for lights, 363, 


— traction. 925 et seq. 

heating and power, 366. 


extra high-tension cable mains, 846 . 

wood casing, cleats, 36g. 


fittings, lighting, 572. 

Cotton, 73 {TaMe 7), 74, 80. 


flat irons, 5^4. 

spinning and weaving machinery, 

776 

flexible cord, yd/. 

(Tables 154 to 156 ). 


fodder treatment, 852 . 

Cotdornb, 2, 28. 


frequency standardisation, ryy. 

Counter, E.M.F., 132. 


fuse wire, 570. 

Counterbalances in hoisting, 785 . 


geysers, 5^4. 

ConntersinkiDg machines, 775 . 


heating and coohing apparatus, 574. 

Couple, galvanic, 127. 


hot-plates, 574. 

Coupling, Fottinger hydraulic, 963 . 


hydro-dectric plants, 216, 2 j8. 

Cowan-Still transformer, 406. 


immersion heaters, 574. 

“ Oacore ” cable, 820 . 


installations. Chap. 24. 

Crane(s), 786 ei seq. 


irons, $74. 

motors, 787 , 789 . 


kettles, 574. 

types of and data, 789 . 


lamps, hoUers, etc., 57X. 

Credenda heater, 620. 


lighting fittings, 572, 

Creedy converter, 4x3 (a). 


main wires and control, 570. 

Creosote, 86, 323. 


motors and control gear, 711 (Tables 128 to 

Crest factor, 30. 


130 ). 

voltmeter, 103. 


motors, domestic, 573, 

Crimping iron heaters, 631. 


Neon lamps, 57X. 

Crompton-Burge “ Tru-watt ” motor, 697 . 


ovens, S74. 

Crompton mains system, 277. 


overhead Urns, 332, 334. 

Crompton-ParMnson anto-syncbronoua motor. 

pendants, 372. 

696 . 


percolators, 374. 

Orompton’s rule, 33. 


powerfactor correction, 162. 

Crop treatment, electrical, 857 . 


pre-war and post-^war {prices), 364, 

Cross-cut saws, 776 . 


pumps, 373. 

Crossing wires, 324. 


radiaiors, 374. 

Orticible furnaces, 637. 


reflectors, 372. 

Crude oU, 178, 180. 


rural lines, 846 . 

Crystal rectifiers, 417. 


service Utus, 575- 

Crystals and piezo eflect, 130. 


Seoem barrage, 230. 

Oryto rectifiers, 4x6. 


shades, 372. 

Cubic meters and- feet, 202. 
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Cumulative and differential compounding, 6 
Cupboards^ hot, 628. 

Gupro-nicicd, 6'j {Table. 6). 

energy for melting, 64^ {Table loj), 
QurUng iron heaters, 631, 

Current (see also “ Ampere ”) — 
and constant’ current transformers, 40^. 

— discharge of cells, 431. 

— voltage in all systems, 468. 

capacity or charging (see “ Charging current 
carrying capacity of collectors, bow ai 
trolley, 913. 

collection, railways, 913. 

— tramways, 912. 

continuous (see Continuous current 
density, 27. 

— in carhon electrodes, 641. 

switches, 36g. 

direct (see ** Continuous current ”). 
direction of, 55.5, izg, 3^8. 

-displacement motors, 684. 
effective, 2g, 4g. 
efficiency in electrolysis, 970. 
elementary, 2, 2$, 
excessive, 33^, 338. 
for resistance wdding, 664, 
fusing of wires, 342. 
heating by passage of, 63^. 

induced, 638, bgg. 

— cables by, 2gi, 

•impulse transformers, 403. 
in arc welding, 65J-7. 
induced, for cooking, 62g. 

lagging and leading, 46, 133 et seq., 304, 
limitation, 33^, 340. 
limiter, 2J2, 3^4. 

•limiting reactors, 340. 
magnetism and, 33, 33. 
maximum in A.O., 31. 

— on short-circuit, 338, yyp. 
measuring, g8 et seq. 
meters, water, 207. 

pressure and, of 3~phase alternator, 143. 

primary and secondary in transformer, 3gi. 

rectified, S3, 132. 

rectifying, 413 et seq, 

required hy motors, 754. 

return, in rails, 38g. 

reverse, 338. 

2g. 

shunt, 138, 
sine wave, 2g-3T. 
transformer, 403. 

— testing, 1035. 

— voltage characteristics of arc, 637. 
transformers, 107, 108, 384. 


77. Current {coni .) — 
virtual, 2g. 

voltage, in all systems, 468. 
wattless (see “ Wattless currents ”), 

— in cables, 312. 

Curves, heating and cooling, 1025. 

mass and duration, hydraulic, 200. 

CUSEC — 

and ampere, 23. 

’). equivalents, 202, 768 {see also ‘Water 

id power”). 

meaning of, 201. 

Gutler-Marsden automatic welder, 654. 

CUT-OXJT — 

consumers^ 314, 3x3. 
cost of, 570. 
fusible, 342, 373. 

I.E.B. rule as to, 3x6. 
in installation, 312. 
undertahers\ 3x2. 

Gutting and welding. Chap. 27, 
by arc, 636-g. 
safety in electric, 636, 658. 

Cyanamide, 633, 973. 

Cyanide process, 988. 

Cyc-arc wdding, 666. 

Cycles, X2, 133. 

Cyclic variation in torque, I4g, 749. 

Cyclometer dials, 113. 

Cylinder gate, 221. 

jC^AIRY WORK, electric, 865. 

Dcdmarnock station, ig6. 

Dcrni, sand-filled, for Severn., 230, 

Damping and control, go, 
windings, 408, 679. 

Dams, 2ig, 223, 244, 

“ Danger ” defined, 333. 

in cutting and welding, 636, 638. 

Daniell cell, X27. 

Darjeeling plant, 236. 

D^Arsonval galvanometer, g6. 

Dashpots on relays, 344. 

Data required for traction projects, 875. 
Daylight, 378. 

Daysohm welder, 637, 

D.C. {see “ Direct current).” 

Dead-beat instruments, go. 

“ Dead-man’s Handle ” in lifts, 797. 

traction, 741, 897. 

Deadweight of “ electrics,” 938. 

Deal-splitters, 775. 

Deceleration on lifts, 796. 
in traction, 899. 
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Decomposition voltage. 970 . 

Definite time-limit relay 344, 

Definitioits — 

and explanatory matter^ Fo/. I. 
general^ Chap, j. 

4. 

Inlemationali 3^ 6. 
of controllers, 713 , 736 , 737 . 

— starters, etc., 736 . 

(See also Vol. I, Chap. 1 .) 
pressure, 22. 

Defiectors, water jet, 2S5> 

Deion circuit-breakers, 3^2- A, 

Delivered pressure, 23, 

Delon type rectifiers, 1033 . 

Delta and star transformer, 3g4. 

connections, I43, 138, 3x4. 

Demagnetising, 806 et seg. 

Density, current, 27, sSg. 

of materials, 60, 67 (Tabled), 

Depi eciation and maintenance, 1012 , 1013 . 
Depth, hydraulic mean, 210, 

Deri repulsion motor, 702 . 

traction motor, 896 . 

Derrick cranes, 786 , 789 . 

Designations of electronic valves (Trade names, 
etc.), 4^8. 

Desk fans, 768 , 760 . 

testing, 1036 , 

Detector galvanometer, g6. 

'* Detectorsf* wireless, 413. 

Dial synchoscope, I4g. 

Dials, cyclometer, etc., I13. 

Diamagnetic, 32. 

Dick (Siemens-Schukert) train-lighting system, 
932 . 

Dickens’ run-off formula, 204. 

DlEnECTBIC — 
breakdown, 8g. 
constant permittivity, 46. 
defined, 4. 
hysteresis, 60, go. 
loss in cables, 312, 
properties of various, go et seq- 
strength, go, g2. 

— of air, g8, gg. 

— of oil. 1034 . 

Diesel-driven ships, 967 , 962 . 

-electric freight ships, 962 - 
rail cars, 873 . 

Diead engines, i6g, igg, 180. 

Difference of potential, 22. 

Differential compounding, 657, 677 - 
Dimming lamps, 386, 
resistance, 68. 

Dinas bricks, S3. 


Volume II contains §§ 387-668. 

Diode valves, 4ig. 

Dip and stress, 328, 32g. 

DiphenyUoxide cycle, 166. 

Direct-acting (main) haulage, 831 . 

-arc furnace, 640. 

-driven lifts, 793 , 

Direct CmEEKT — 
and A.C, for ship propulsion, 958 . 

traction, 867 , 868. 

— alternating distribution compared, 10, 

2g4 et seq., 4-] 3, 4^8. 

in welding, 636. 

direction of, 33-5. 
elementary, xo. 14. 
furnaces, 636. 
generator (see Dynamo ”). 
main line example, traction, 918 . 
motors (see “ Motors, D.C.”) 
rectification of, 4x3 et seq. 
regenerative braHng, 900 . 
short-time rating, 136. 
three-wire system, 461, 463. 
traction motors, 896 . 
tramway return circuit, 903 . 
transmission, 2g4, 2gg, ^xg . ' 
itvo-ioire system, 460. 
wave generator, 420. 

Direct lighting, 6ox, 603, 606. 

Direction of current, 33-5, X2g, 338. 

Disc coal-cutters, 834 . 

Dischaege — 
corona, 3x6, 

rate of lead cells, 431, 432. 

, nickel-iron cells, 433. 

traction cells, 941 . 

sluices, 2x3. 
streams, 206. 

through water pipes, 232, 246 et seq., 768 . 

— weirs and notches, 203. 

Disconnection of consumer's supply, 312. 

“ Discriminator,” Scott-Bentley, 718 . 

for hoisting, 788 . 

Dish washers, cost, sqj. 

Dispersion lenses, 613. 

Disposal of i)Ower applied to a vehicle, 879 . 
Dispates as to contracts, 1000 . 

Disruptive critical voltage, 3x6. 

Dissonance cod, 33X. 

Distillation products, 983 . 

Distilling and evaporating eleciricaMy, 626. 
Distributing main defined, 44X. 

Distribution and application of power, 747 (2). 
and control in branch cirondts, Vd, H, 
Part V. 

hoards, sir, 3 ig, 32X, 534 {13). 

— coat of, sgo. 
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Distribution and application of power {conL ) — 
choice of sijstems of, ^7^. 
from rural lines, 847 . 
lines, cost of, 575. 
of power demand in mines, 823 . 
overhead, 481. 

^anel, 38^. 
problems, 436, /f.y3, 
system for traction, 892 . 
underground, in mines, 819 . 

Divergers, 613. 

Diversity and load factor, etc., 262 et seq, 
factor in group driving, 748 . 

Diverter control of shunt motors, 717 . 

Diverting jets, 233. 

Dockyards, power for, 779. 

— 

Domestic light and power on farms, 848 . 
lighting, 601. 

uses of motors, 755 (Table 137 ). 

Double-field synchronous motors, 698 . 

•frequency generation, jgo. 
squirrel-cage motors, 684 . 

•stator double rotor induction motor. 


I Dual-frequency induction motor, 693 . 

I lift control, 797 . 

Ducter, iig. 

Ducts, passage of air through, 765 . 

I Duct- ventilated motor, 070 . 

Diiddedl oscillograph, iiS, 

■‘Mather wattmeter, log. 
thermo-ammeter, gg. 

Dull-emiiter valves, 4ig. 

Duration curves, etc., 2og. 

Durex wiring system, 552. 

Dust, electrical collection of, 996 . 

Duty-cycle rating of motors, 670 . 

Dynamic braking of synchronous motor 722 
— of lifts, 797 . 

Dvnamo {see alao‘-‘ Alternator,” “Generator ”) 
acyclic, 13'/. 
armature, 132, 133. 
balancing on 3 ''n)ire, X41. 
battery charging, 138. 
brushes, 133. 

characteristic curves, 134, 138, 
commutator, 133. 


Dowsing clothes warmer, 631. 

Draft tube, 214, 218, 220, 232, 233. 
Drainage in agriculture, 863 . 
Dransfield voltmeter, 100, 
Draxcing-in cables, 2go. 

Draw-out switchboard, 3^6, 380. 
Dredges, electric, 965 . 

Dredging equipment, 842 . 

Drills, 775. 

for mining, 836 , 

Drip-proof motor, 670 . 

Drive for lifts, 793. 

on electrics,” 944, 

DEivnfG, Eleoteic, Chap. 30 . 
adjustable ; multi-speed, 7S3. 
group or individual, 748 . 

Drop of pressure, 24, 286. 

Ihowned weir, 203. 

Drum starter, 736 . 

Drumm battery, 434-B, 873 . 

Dry battery exploders, 838 . 

Dry cells, i2y. 

— teat of insulators, 330. 

Drywo— 
electrical, 634. 
out for tests, 1018 . 
ovens, 642 et seq. 
transformers, 3g3, 403. 

— ' oil, 403. 

Drysdale potentiometer, 95. 
tvaitmeter, log. 


compound wound, 134, 138, 148. 
efficiency, 146, i6j. 
elementary, 132. 
excitation, 140, 
homopolar, X3y. 
interpoles, X3g. 

magnets, 32, 33, 40 et seq., 8x, 83, 133, X38. 
parallel running, 148. 
power to drive, 164. 
rating, X36. 

residual magnetism, 82-3, 138. 
series and shunt wound, 138. 
train-lighting, 729 et seq, 

Dv]srAM[OMEa?EE Type — 
instruments, xox. 
relays, 338. 
wattmeters, xog, 

Dynatron, 420. 

Dyne, 2. 


Earthed betdrh ’ 

. return ” explained, 903 . 
j Eaethino — 
conduit, 344 {46). 
definition, 4, 333, 
in cooking and heating, 632. 

— mines, 821 . 
lightning arrester, 346. 

— conductor, 348. 
metal casings, 333. 
neutral, 334, 4^2. 


and “ earth 
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EARTBrnffG {COnt.) 

neutrcdf of iransformtr, 3g4, 4]2. 
posts, etc., 323, 324. 
regulations as to, 383. 
stays, hearer wires, etc,, 333. 

Earth — 

and earthed returns in distribution, 482. 

conductor defined, 4, 333, 

connection, 4^ 347. 

connections, 482. 

intermittent, 331. 

leakage to, 4JI, 4J2, 

leak indicator, 353. 

plates, 34J, 348. 

potential, 24 4y2. 

relays, 339. 

returns of telegraphs, etc., 908. 
shields, 3g8. 

specific resistance of, 907. 
testers, xxg, 

teats in installations, 1037. 
wires, 324, 34y* 

JShonite, 75 {Table y), 7^. 

Economics of high-efiiciency in motors, 753. 

— overhead and undergrmnd wires, 333. 

— power-factor correction, x62, 

— steam and water power, 21^. 

— water beating, 622, 

Bconomiser, lyo. 

Economy of electric haulage, 831. 

— 3-wire system, 462, 

Eddy currents, sg, 8x, 82, X33. 

— braking, 1x4. 

— in transformers, 3gS. 

Edina alloy, 6y {Table 6). 

Edison ceUs, 434, 939- 

lampholders, 486. 

Ediswan wiring system, 332, 

Effective volts and amperes, 2g. 

Etocien-cy— 

control of electric drive, 747 (3). 

curves of transformer, converter, etc., 423. 

economic aspect of, in motors, 753. 

fregueru^ and, X33. 

fud and, 166. 

power f odor and, 155. 

power-house, xgx. 

prcbable limits, xgx. 

tests, 1021. 

Efeccteis-cy of — 
accumulators, 431, 432, 434. 
air and electric working in mines, 833. 
edtemators, 146. 
arc lamps, 383, 3g4, sgs- 
boilers, etc., lyo. 
combined sets, i8g. 


Volume II contains §§ 387-668. 

Efftciency op {cord .) — 
converters, 4og, 413, 4x3 (a), 423. 

Diesel- electric drive on ships, 960. 

— engines, 16^, 179. 
dynamos, 146, x6y. 
electric lamps, 582. 

— processes, 970. 

— winding, 827. 
electrolytic rectifier, 4xy. 
engines, heat, 163, lyg. 
gearing, 751. 
generators, X46, j6y. 
glow-lamps, 382, 383. 
hot-air drying, 6ig. 
hot-plates, 630. 

induced current cooking, 62g. 
induction furnaces, 659, 971. 
industrial processes, 970. 

Kaplan turbines, 2x4- 
kenotron, 4xg. 

mercury vapour rectifier, 422, 

motor-generators, 388. 

motors, AC. and D.C., 672 (Tahle 114). 

{See also “ Motors.”) 
secondary cells, 43X, 432, 434. 
substations, 426. 
synchronous motors, 679. 
thermal storage, 627. 
traction cells, 939. 
transformers, 402, 423. 
transverter, 4x4. 
turbines, steam, lyS- 

— water, 20X. 

water heating, 624 and note, 

■ — pumps, 768 et seq. 

Egg boilers, 628. 

Einthoven siring galvanometer, 96. 

Elastic bitumen, y4. 

Eiasttcity — 

copper, 62, 6y {Table 6). 
metals, by {Table 6). 
wires, 324. 

Elaterite, ^4. 

“ Electrical Times ” tables, Jg4, 26g. 

“ Electrics,” see “ Road vehicles, dectrie.” 
Euecteio -ai. (see also “ Electricity” below) — 
and mechanical ship propulsion, 967. 

— steam winding compared, 827- 
hells in mines, 839. 

brakes, 899- 
cooking apparatus, 628- 

— on rolling stock, 928. {See also 

Yol. rr, Chap. 26.) 
cranes and hoists. Chap. 31 passim, 
cutting and welding (q.v.). Chap, 27. 
drills, 836. 
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Elbotrio -al {conL ) — 
driving. Chap. 30 ^passim. 

— advantages of, 747. 
energy, sale of, G?iap. 12. 
fans, 506, 534, 57 J, 758 et seq. 

— on rolling stock, 928. 

— testing, 1036. 
furnaces, 971. 
heaters, immersion, 623. 

— types of, 620, 

heating, Chap. 26. See Heating.” 

— • minor apparatus, 631. 

— on rolling stock, 928. 
hoisting, Chap. 31. 
horse^power, 31. 

Inspector of Mines, 823. 
imtallaticms, cost. Chap. 24. 
irons, 574!, 631. 

kettles, geysers, urns, 624. 
lifts, 792 et seg. 
lighting, Vol II, Chap. 23. 

— Acts (British), xg8, 275, 322, 1040, 1041, 

1043." 

— in mines, 840. 
locomotives, 872, 873, 894, 91 9 A. 

“ Mary Ann,” 755. 

motors, see “Motors,” “Motors, A.C.,” 
Motors, D.C.,” “ Motors, traction.” 
ovens and furnaces, 636. 
ploughing, 851. 
precipitation, 996. 
properties of metals, 39-63. 
propulsion of ships (Chap. 37), see “Ship 
propulsion.” 

— of special craft, 965. 
pulley blocks, 790. 
pumps, 767 el seq. 
puukal^, 762. 

railways, see “ Bail-ways, electric.” 
reduction of iron ore, 976. 
refining of metals, 976, 986, 987, 988 990 
992. 

refrigeration, 773. 

road vehicles (“Electrics”), see “ Boad 
vehicles.” 
separation, 997. 
ship propulsion. Chap. 37. 
shock, pressures, frequencies, etc., 632. 

— from earthed circuit, 482. 
shot firing, 838. 
signalling ou railways, 933. 
stacking machines, 802. 

steel, 977, 978. 

steering on ships, 964. 

supply for arc welding, 636, 637. 
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Volume JI contains §§ 387-668. 

Electric -al {cont .) — 
supply public, 268. 
technical terms, Vol. I. 
traction, see below “ Electric traction.” 
treatment of fodder, 852. 
winches and capstans, 791. 
winding, 827 ei seq. 

ELBOTRICITr — 

and compressed air compared, 833. 
in agriculture (Chap. 33), see “ Agriculture.” 

— hoisting (Chap. 31), see “ Hoisting.” 

— mines (Chap. 32), see “ Mining.” 
processes (Chap. 38), see “ Processes.” 

— ship propulsion (Chap. 37), ^ee “ Ship 

propulsion.” 

— vehicles, 927 to 932. (See also “ Road 

vehicles.”) 

Electricity Commissioners, 22, 1040, 1041. 

— and loans, 1013. 

standardisation, 814. 

— memorandum on agriculture, 846. 

— powers of, 1046. 

— • regulations of, X33, igx, igs, 197, igS, 
293> 324, 326, 336, 1048, 1049. (See 
also “ Regulations ” ; “ Rules ” ; 

“Wiring Rules.”) 

Electricity regulations (factory and workshop), 
5S, 131, X32, 293, 333, 336, 382. 
Electricity Supply Acts, 108, 273, 322, 1040 
1041, 1043. 

Electric Traction (see also “Railways”; 

“ Road vehicles ” ; “ Tramways ”) — 
acceleration, 879, 882, 883. 

— on local lines, 865. 
adhesion, 871, 890. 
air resistance, 879- 
automatio sub-stations, 869. 
battery locomotives, 873. 
bonding, 903, 926. 

characteristic curve of traction motor, 886. 

converters for, 869. 

data req^uired for projects, 875. 

B.C. V. A.C. for, 867, 868. 

Diesel-electric cars, 873. 
disposal of power on vehicle, 879. 
distribution for, 892. 
electric locomotives, 872. 
energy re<iuired for, 878 et seq. 

— stored in vehicle, 882. 

— used per ton-mile, 887. 
estimates for, 875. 
examples of, 880 et seq. 

** full automatic ” sub- stations, 869. 
general information on, Chaps. 34, 35. 

— expression for power needed, 884. 
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Volume I contains §§ 1-38(5. 

EiiECTKiG Traction ( cont .) — 
generating stations for, 893. 
generation for, 857. 
goods locomotives, 872. 
gradients in, 879, 881, 946. 
industrial locomotives, 874. 
inter-urban rail-ways, 865. 
line, systems of supply to, 868. 
locomotives, electric, 894. 
main Hnes and local lines, 865. 
master control, 871. 
mercury- vapour rectifiers for, 869. 
m-ultiple-unit trains, 871. 
oil-dlectric locomotives, 873. 
passenger locomotives, 872. 
po-wer required on level, 879, 880. 

for acceleration, 882. 

on 

practical methods of calculation for, 886, 886. 
projects and service, 876 et seq . 
protection in, 892. 

rail-cars, and motor-coaches, 871, 873. 
railway supply, 868. 

Ramsay locomotive, 873. 
rectifiers for, 869- 
regeneratzon in, 881. 
rolling stock for, 876. 

and service, 876, 877. 

supply to 868. 

rotary-converters for, 869. 
savings due to, 863. 
self-contained locomotives, 873. 
shunting locomotives, 873. 
speed-time curves, 886. 
statistics of, 863, 866, 874, 887. 
steam and electric, compared, 894. 
eub-stations for, 869, 893. 
suburban railways, 865. 

“ supervisory control,’* 869- 
systems of supply for, 866-8. 
terminal congestion on, 865, 
three-phase locomotives, 872. 
tractive coefficient, 879, 890. 

— effort, 890. 

— resistance, 891. 

traffic and energy data, 887-9. 
tramcars, 870. 
tramway supply, 868. 
transmission for, 867. 
turbo-electric locomotives, 873. 
uniform speed, on level power required for, 
880. 

Electro-chemical — 
equivalents, 970 (Table 213). 
furnaces, 634, 63^, and see also FrocessesJ' 
generator, 123, 128. 


Volume II contains §§ 387-6(58. 

Electro-chemical (conL ) — 
insirumenis^ 8g et seq. 
phase advancer, 160. 
processes (see Processes ”)- 
series, J2y, 

Electro-chemistry (Chap. 38), see “ Processes.'’ 
-chlorination process, gold, 988. 

-culture, 857. 

Electrode arrangements, 970. 

Electrodes, 66 . 
batterg„ 430. 
for arc furnaces, 641. 

wdding, 652, 633, 657. 

Electro-dynamic braking of motors, 715, 717, 
718. 

series motors, 7 IS. 
shunt motors, 717. 
units, 2. 

Electro-hydraulic steering gear, 963- 
Electbolysis — 

Earaday’s laws of, X27, 970. 
in electric boilers, 625 and note. 
of brine, 984- 
on traction systems, 907. 

ELEClTtOLYTE, 68, 127. 
for iron-nichel cells, 433. 

— lead ceUs, 431, 432. 

— rectifier, 4XJ. 
volume per cell, 431. 

Electrolytic — 
alkali, gases, metals, etc., 633. 
cell, 12'], 
copper, 987. 
corrosion, 324. 

— of lead, 533. 
hydrogen aud oxygen, 985. 
instruments, 8g et seq, 
iron, 82. 

Ughtnirig arresters, 346. 
meter testing, 1035. 
meters, 113, 114. 
rectifier, 4x3 . 
synthesis, 995. 

Electromagnet in cgoarc welding, 666. 
Electromagnetic, 761. 
generators, 132. 
hoisting and lifting, 805 ei seg, 
instruments, 8g et seq. 
release, 743. 
separation, 997. 

Electromagnets, 32, 4X, X33. 

Electro-mersible pumps, 767. 
Electro-meidllurgical furmtc 634, 633, 640. 
See also Processes.^ ’ 

Electro-metallurgy (C2hap. 38), see Prooeases,’* 
** Electro-metah furnace, 640. 
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Volume I contains §§ 1-386. 
Bhctrometer, g6. 

Electromotwe force, 22 (see “ Presswre ”). 
couTiter, IJ2. 
of thermo-couple, 122. 

Electronic devices for control purposes, ^20- A, 
Electro-osmotic separation, 997. 
Electro-percussive welding, 66$. 
Electro-plating, 994 . 
cell, i2y. 

Electro-positive and negative elements, I2y. 
Electrostatic — 
capacity of cables, jjrr. 
charge indicator, 104. 
fkc^i shield, 330. 
generator, rjr. 
grading of insulators, 330. 
instruments, 8g et seq. 
ohmmeter, zip. 

separation, 997 . 
units, 2, 

voltmeter, 103, 104, loy. 

Electro-technical terms and definitions, Vol I, 
Chap, T. 

-typing, 994 . 

Elementary explanations, 8 et seq. 

Elmore process, copper, 987 . 

Eh, 74. 

Elongation in wires, 324. 

Elverson oscilloscope, 123, 

E.M.P. of accumulators, 430, 431, 434 (see also 
^‘Pressure,” « Voltage ”). 

Empire cloth, ^4. 

Enamel baking mens, 643. 

Enamelled wire, 80. 

Enamels, insulating, y6. 

Encloseb — 
arcs, 5PJ. 
fittings, 484. 
fuses, 575. 
hot-plates, 630. 
motor, defined, 670 . 

Enclosure of motors, 761 . 

End contractions in weirs, 203, 
turns and surges, 34p. 

Endless haulage, rope and chain, 831 . 
Endosmose, electrical, 997. 

EREBoy 

consumption of (see “ Units Also 

next entry, “ Energy consumption ”). 
demand for acceleration, 883 . 
measurement, A.C., no. 
sources of, 126, 
stored infield, 57. 

moving vehicle, 882 . 

transformation and conversion of, 387 et seq. 


Volume II contains §§ 387-668. 

Ei^eroy (cont .) — 
used per ton-mile in traction, 887 . 

with batteries, 940 . 

Energy (Electric), Consumption Data for- 
agriculture, 845 el seq., 858 . 
air heating, 6ig. 
arc cutting, C^g. 

— welding, 632. 
baking ovens, 643, 644. 
coal cutters, 834 . 
cyc-arc welding, 666. 
electric cooking, 62S. 

“ electrics,” 940 . 
escalators, 804 (Table 17 . 3 ). 
fodder treatment, 852. 
haulage, 832 . 
heating rooms, 6ig. 

— water, 621 et sc‘q. 
hoisting, 784 . 
induction furnaces, 63g. 
industrial heating, 63 k (Table 07). 
lifts, 801 . 

melting metals, etc., 643 {Table 08), 64.7 
{Table xoi). ^ 

mining, 814 , 816 , 823 et seq. 
motor-cars, 946 . 

ovens and furnaces, 633 {Table 96-A), 630. 

railways, 878 et seq., 888. 
rivet heating, 63^, 
steel-treating furnaces, 646. 
tea manufacture, 6x9. 
tramways, 878 et seq., 889 . 
water healing, 621 et seq. 

Engines, Steam — 

— compared with turbines, i8g. 

„ — 172 

— consumpUon of steam, etc., x6q. 
gas and oil, j6y, lyg, x8i. 

Ensilage, 862 . 

Erdz booster, 432. 

Epicyclic gearing for speed variation, 751 . 
Equahsing circuit for compound dynamos, X4S. 
connection, 4x2. 

Equipment, permanent way and return circuit, 
901 et seq. 

railways, overhead, 913 et seq, 

— third-rail system, 920 et seq. 
tramways, overhead system, 909 et seq. 
Equivalents, electrical and mechanical, 48 et seq. 
hydraulic, 202. 

resistance, inductance and impedance of trans- 
former, 392. 

Erection of conduit wiring, 343, 

Erg, 2. 

Erinoid, yj {Table 7), 74. 
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Volume I contains §§ 1-386. 

Errors of instruments, pa et seq. 

Escalators, 804 . 

Estimates, traction, 875 . 

Eupatheoscope, 620. 

Eureka alloy, 67 {TaMe 6). 

Evaporation and distillation electrically, 626. 
in boilers, 170. 

Evaporative condensers, 

Everett’Edgcumhe power^factor indicator, ill. 
synchroscope, I4g. 

Evershed earth-circuit contimiity tester, 821 - 

Exajscples — ■ 
of lifts, 797 , 799 . 
main line D.C. traction, 918 . 
railways with overhead construction, 915 
et seq. 

speed- time curves in traction, 886. 
tariffs, 2ys. 

third-rail traction, 916 , 921 . 
traction, general, 880 - 8 . 

Excessive pressure, causes, Z 45 et seq. 

Excitation for ship propulsion, 960 . 
of dynamos, 140, 

Exciter, 133, 140. 

Exhaust and pressure fans, 763 . 
steam in mines, 817 . 
turbine, Bauer-Waok system, 963 . 

Exhaust Steam — 
turbines, 133. 
utilisation of, iy6, 188. 

Exhausters and blowers, 766 . 

Expansion of metals 6y {Table 6), 331. 

Explosion-proof gear, 740 . 
motors in mines, 818 - 
switchgear in mines, 822 . 
tanks, 336. 

Explosions in mines, 812 . 

Export of power, igS. 

Extebn-ad axb Istternal — 
dharacderistic, 138. 
combustion, x66. 
resistance, 2x. 

Extra high pressure, 22. 
cdhJss, 288, 28g, 
transmission, 313 et seq. 

Extraction and Ebexntng of — 
copper, 987 . 
gold, 988 . 
niokd, 990 . 
silver, 989 . 
zinc, 991 . 


JT aerolite, 74. 

Face-plate starter, 736 , 738 . 
switches, 334. 


Voltime II contains §§ 387-668- 

Factor OP Safety — 
conductors, 324. 
insulators, 324, 
overhead wires, 324. 
pipes for waterpower, 248. 
poles, 324. 
stays, 324, 326, 

Factory regulations, 38, 131, 132, 2^3, 333, 
33 ^> 382, 1050 . {8ee also “ Regulations.’*) 
Failure of insulation and protection, 332. 

“ Falco ” inducer, bzg. 

Fall or Head — 
on canals, 218. 
general, 201-3, -2x5. 
high. Chap. 10. 
low, 218-23. 
medium, 224-33. 
variable, 223. 

Fans — 

ceiling and desk, 534 {22], 758 et seq. 
cost, 57J. 

data as to air, 764 , 765 . 
forge, 775 . 

hours of use and consumption, 761 (Tables 
141 , 142 ), 764 . 
in mines, 726 , 824 . 

— rolling stock, 928 . 

— series-paralld, 433, 306. 
on shipboard, 963 . 
series-parallel switches, for, 306. 
speed control of, 726 (Table 134 ). 
testing, 1036 . 

Faraday’s laws of electrolysis, 970 . 

Farads, 2. {See also “ Capacity-”) 

Farms (Chap. 33 ), see “ Agriculture.” 
buildings, distribution for, 847 . 
machinery and power required on, 858 . 
Faults — 

and leakage, 471, 472. 
general, Qhap. 13. 
rdays and, 344. 
testing, 1026 , 1032 . 
to earth, 331. 

Fame pistes, 431. 

Febder{s) — 
boosting, 38g- 

pands, 383- 
railway, 924 . 
reactance, 340, 370. 
return, traction, 906 - 
services and, 334. 
tramway, main and line, l 
eeding points, 473. 

Feed, water, xyx. 

“ Ferflex ” cable, 820 . 


877 



Fer ELECTRICAL ENGINEERING PRACTICE 

References are to numbered paragraphs , not to pages. 
Volume I contains §§ 1-380. Volume II contains §§ 387-668. 


Foo 


Feme alloy, 6y {Table 6). 

Ferranti-F ield leakage protection, 352. 
•Hawkins, core balance system, 33Q. 
rectijier, 416. 
thermal storage, 62*/, 

Ferries, electric, 966. 

Ferro-alloys, 635, 979. 

•mangarbese, energy for melting, 643 
101). 

•nickel, 67 {Table 6). 

Feirozoid alloy, 6y {Table 6). 

Ferry alloy, 67 (Table 6). 

Fertilisers, nitrogenous, 973. 

Fibre, vulcanised, 33 {Table 7). 

Fibroid, ^4, 

Fibrous insulators, ^4. 

Field — 

alternator, 133, 240. 
building up, 13S. 
control, speed variation, 716. 
data in traction, 875. 
dynamo, 140. 
elementary, 32, 40 et seq. 
general, 133. 
magnets, 233. 
residud, 81-83, ^3^- 
rheostat, 5^5, 736. 
synchronous motor, 160. 
system of motors, 671. 
variation speed-control, series motorSj 
Fiery mines, 818. 

Filaments of lamps, 383. 

Filtering transformer oil, 403, 

Filters for ventilators, 146, 

Finance of electric farming, 859. 

Fire risk, 336. 

Fireclay, 83. 

Fi^g explosives electrically, 838. 

FirtJis steel, 81. 

Fish kettles, electric, 628. 
paper, *34. 

F^hplates, British standard, 901. 

Fittingsi Chap. 21. 
cost of, 3yi. 

in specification, 334 (18), {23). 
wires, 488. 

Fixed charge per lamp, 232. 
coU galvanometer, g6. 

“ works Gostf^ 26g. 

Flame arcs, 3^4, 3gg. 

-proof construction for mines, 832, 

— ficses, 3J3. 

— gear, 740. 

— motors, 670. 

— switchboards, 3y6, 3yg, 

— switches, 366. 


Flash butt welding, 661. 

-over on rotaries, remedies for, 869. 

— voltage, 330, 338. 

-point of oil, 1034:. 

Flat irons, 3^4, 631. 
rate charges for energy, 2yo. 

. Fleming's Cantor lectures, 6ig. 

{Table | rule, 35, 669. 

valve, 4x8 et seq. 

Flexible Wires and Cable.s— 
cost of, 36y. 

for vacuum cleaners, 323. 
general, 284, 283, 323. 
l.B.E. rules, 283. 

in mines, 820 (see also Vol. I., Chap. 13). 

suspension, 910. 

twin wiring system, 34g, 330. 

Floating battery, 142. 
weir, 244. 

Flood and searchlights, 613, 
discharge, 204, 

Floor area covered by fans, 761. 

Flooring machines, 776. 

Flotation concentration, silver, 989. 

Flour mills and bakeries, power required, 766. 
Flow of current, direction of, 33-3, X2y 
Flow oe Water — ’ 

and storage, 234 et seq., 243, 
approximations, 202. 

718. from catchments, 204. 

in pipes, 232, 246 et seq. 
over weirs, 203, 244. 
through sluices, 213. 

Fluctuating loads on motors, 763. 

Flue gas analysis, lyx. 

Fluids, inductive heating of, bjg-A. 

Flumes (water channels), 211, 212, 23y, 
Fhwr-spar, 130. 

Fijuxi , Magnetic — 
density, 82. 
general, 41, 43. 
in transformer, 3gi. 
measures, 12 X . 
meter, Qrasset, 121. 
of magnetic induction, 2 {Table x). 
shield, 330. 

“Flying Hamburger ” Diesel coach, 873. 
Flywheel motors, 761. 
storage, 751, 753, 828, 829. 

— in winding, 828, 829. 

Fodder, electrical treatment of, 862. 

Foot-candle defined, 3yg. 

Foot-meter, 380. 

-pounds, 2, 48, 30, 32, 33, 201. 
warmers, 631. 
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Forces 2. 

lines of^ J5, 41. 

“ Forced draught machiney' 4, 

— motor, 670 , 

Forebat/s, 231, 235, 243. 

Forge fans, 775 . 

Formapex, ^4. 

Form factor^ 30. 

Formite, 75 (Table 7), y4, 75. 

Fobmtjia — 
for air-heatiTig, big, 

■ — therrml storage^ 627, 

— trarhsmissioTiy 2g5y 2gj et seq. 

— vmter heating, 621, 

Forster magnetic clutch, 751 . 

Fottinger hydraulic coupling, 963 . 

Four~wire 3~phaae supply, 467, 

Fra^iionaZ distillation, x6g. 

H.P. motors, 670 , 680 , 710 , 765 . 

limits of temperature rise for, 670 

(Table 109 ). 

speeds and weights of, 710 (Table 

128 ). 

Fractionating rain-gauge, 204. 

Fractions in oil, 178, 

Frame saws, 776 . 

Frames and greenhouses, treating soil in, 857 . 

cotton, power for, 776 . 

Francis wheel, 203, 214, 213, 221, 233. 
Free-stator starting of synchronous motor, 
722 . 

Freight and water-power, 217. 
locomotives, cost of, 926 . 

— on G.I.F. Failway, 918 . 
railway, British Post Office, 922 . 

FjEtEQuias-oy — 

allowable variation in, 46g. 
and efficiency of transformer, 401. 

— torque of induction motor, 681 . 

British standard, 1047 . 

changers or converters, 133, 186, ggo. 
-changing speed-control of motors, 726 , 728 . 
coupling, diffierent, 3S8, 
effects of various, 135. 
errors in instruments, g2, 
for steel furnace, 647. 
general, 47. 
in arc welding, 656, 
measures, tj2. 
meters, 112, 383. 
speed and, J23, 135, 
standard, 134, T33, 
standardisation, cost of, 133. 
very low, in ship propulsion, 966 . I 

Fret saws, 776 . 
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Frick furnace, 659. 

Friction clutches, 751 . 
in water pipes, 247, 768 . 
tope, 74 

Fridional machine, 131. 

Front and hack connections, 363. 

Frying pans, 628. 

Ftjbl — 

capital costs and, 217, 
conference, 816 , 1058 . 

consumption and weight of various ship 
drives, 957 (Tables 206 , 207 ). 

— of internal combustion engines, r/p. 
costs, 26g, 

economy of electric-drive on ships, 057 . 
gaseous and liquid, 178, lyg, 
general, z68. 
grate area and, 170, 

Research Board, ibg. 
steam consumption and, 164 
Full automatic sub-stations, 869 . 

Fuller cell, 127. 

Fullerboard, 74. 

Full-wrap traction for lifts, 793 . 

Fumes, precipitation of, 996 . 

FuWACBS, EliEOTKIC, I 36, 971 . 

and ovens, 634, 633 (Table g6-A), et seq. 
arc, 640. 

for treating steel, etc., 646. 
induction, 5 jp. 
melting, 647. 
processes, 633, 636.. 
resistor, 978 -A. 
steel, 977 , 978 . 
transformers for, 403. 

Fuses (see also “ Circuit- breakers ” ; “Cut- 
outs ”) — 
bimetal, 342^ 
carbon tetrachloride, 575. 
cartridge, 373, 
consumers', 3x4, 3x3, 
copper, tin, lead, 342. 
enclosed, 375. 
high-tension, 373. 

LE.F. rule as to, 3x6. 
in tdephone drcuit, 333. 
od-immersed, 373. 
standard, B.E,S.A., 375. 

-stoitch, 4. 
trip relay, 344. 
tmre, cost, 370. 

Fusing currents, 342, 

Fusion, latent heat of, 643 (Table g8). 
Fynn-Wedchel synohronous.aaynohroaoiis 
motor, 697 . 
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yjTALALITH, 73 {Table 7), 74. 

Gallons and cnsecs, 202. 

Galvanic couple, I2y. 

Galvanising, wot, 994 . 

Galvanometers, g6, 

Ganges hydro-electric plant, 2x6, 2x8. 

Ganister brick, 85. 

Gantry cranes, 786 , 789 . 

Gas(es) — 

and arc lighting compared, 6og, 
blastfurnace, x6y. 

-discharge lamps, sodium, S90-A. 
engines, xdg, lyg, x8x. 

-filled cables, 2go-A. 

— lamps, 271, 585, 599. 

cost, 57r. 

fired boilers, 170. 
fuel, x68, 178, 179. 
heating of water by, 622. 
in mines, 812 , 818 . 
plant, specification for, 1010. 
producer (suction), 167. 
town, 167. 

-turbine, X7g, 183. 

-warning safety-lamps, 841 . 
welding in, 653. 

Gate interlocks for lifts, 797 . 

Gates, water, 221. 

Ganges, rail, in use in mines, 832 . 

Gauss, I, 2 (Tcble 1), 40. 

Geared drive for lifts, 793 . 
tramway motors, 895 . 
turbines u. electricity for ships, 962 . 
Gearing, efficiency of, 761 . 

epicyolic, for speed variation, 761 - 
on ships, 960 . 

Gearless drive for lifts, 793 . 

road vehicles (Cedes), 944 . 

Gebns system of locomotive motor control, 
873 . 

Geissler tube, ^Sg. 

Gem mines, 842 . 

General conditions of contract, I.E.E., 334 
note, 999 , lOOO. 

Electric Co., 3x3, 371. 

expression for power required for traction, 
884 . 

Generating costs, ig4. 
sets, self-contained, 929 . 
stations, traction, 893 . 

— andcmatic, 187. 

Generation and transmission for traction, 867 . 
of power on rolling stock, 929 - 932 . 
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Generators {see also “ Alternators ” j 
“ Dynamo ”). 
and accessories, Chap. 4. 

— • motors, limits of temperature rise in 
670 (Tables 110 , 112 ). 
hurning out of, 336. 
capacity, in power-house, x8g^ 
delta connection, 314. 
efficiency, 167. 

— and ventilation, 146. 
electrostatic, 131. 
elementary, 132 et seq. 
for arc welding, 636, 637. 
frequency, 133. 
high-speed, 143. 
parallel-running, 148-130, 
panels, 383. 
power to drive, 164. 
rating and temperature rise, X36. 
reactance, 340. 
regulation tests of, 1022. 
series, Thury, 317. 
specification for, 1001. 
star connection, 3x4. 
testing, Chap. 40 passim. 

GennevilUers plant, J73, ig6, 388, 356. 
Geothermic power, 163. 

German silver, 67 {Table 6). 

Geysers, electric, 624. 
cost, 574. 

Gilbert, 2 (Table i), 42. 

Giles’ valve, 346. 

Qilsonite, 74. 

Gin, cotton, 776 . 

3 .I.P. (see “ Great Indian Peninsular Rail- 
way ”). 

Girard wheel, 233. 

Girod furnace, 640, 

^gow system of charging for energy, 273. 
jLASS — 
annealing, 636. 
insulators, 74, 330. 

properties of, 73 {Table 7), So, 645 {Table g8). 
Globes, reflectors, 599. 

Glo-clad wiring, 332. 

Glow lamps {see “Lamps”). 

— and power fewtor, 136. 

— efficiency of, 382, 383, 

Hue pots, 63X. 

Hyptal and Glyptal-mica, 74. 

Sold — 

extractiou and refining of, 988 . 
plating, 994 . 

properties of, 67 {Table 6), 127, 643 (Table 
98). 

roldschmidt process, tin, 993 . 
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Goliath cranes, 789 . 

lampholders, 486, 48J, 

Goods lifts, 798 . 
locomotives, 872 . 

Governors, water-wheel, 221, 255, 256, 

Grab buckets, 789 . 

Grade of cables, 281. 

— insulation, 4. 

Gradients in traction, 879 , 881 , 946 - 
power required on, 881 . 
ruling, 875 . 

slope equivalent of, 946 . 
Gramme-centimetre, 2, 
equivalent, 970 - 

GltAPHIOAL — 

construction for single-phase lines, 300. 

3-phase lines, 303. 

method, for power factor and hVA, J57. 

reactance, etc., 300, 303. 

symbols, 38. 

Graphite, 66 . 
crucibles, 637. 
electrodes, 641. 
manufacture, 633, 982 . 
production, 982 . 

Oraphiiised carbon, 66. 

OrapMtising carbon, 63g. 

Qrasset fluxmeter, I2X. 

Orate area, 170. 

Qratz connection, 417. 

Gravity control instruments, go. 

Grease-spot photometer, 380. 

Great calorie, 48. 

Indian Peninsular Railway, 916 , 918 . 
Southern Ra,ilway of Ireland, 873 . 
Greaves-Btchells furnace, 640. 

Greenawalt process, 988 . 

Greenhouses and frames, heating soil in, 857 . 

“ Grid ” system, British, 133, ip7, 198, 273-A. 

tariff's, 273-A. 

Grids in valves, 418. 

GriTling, electric, 628. 

Grinders and grindstones, 774 , 775 . 

Grounds, arcing, 331. 

Group and individual drive compared, 748 . 
Qrunshy's coefficients, 207. 

Guard brackets, 324. 

wire regulations, 1052 . 

Guarding trolley wires, 909 . 

Qwmmoid, 74. 

Guttapercha, 73 {Table 7), 774. 

H AAS-CETTEL cell (caustic-alkali), 984 . 
Haber process, 973 . 
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Sadfield steel, 83, 84. 

— trackwork, 902 . 

Hail prevention, electrical, 857 . 

B.alf and quarter wave transmission, 31S. 

“ Half-watt ” lamps, 383, 399. 

-wrap traction for lifts, 793 . 

Hall process, 975 . 

Hamilton poles, 323. 

Hammer-bead cranes, 789 . 

Hand-operated starters, 738 . 

-rope lift control, 797 . 

Handyell system, 372, 428. 

Hard-dravon capper, 66, 29$, 307, 
metal-sheathed wiring, 336, 
rubber, 74. 

Hardening steel electrically, 646. 

Harland and Wolff Diesd engines, 180. 
Harmonics and resonance, 330. 

— transients in transformer, 394, 407. 
Haulage in agriculture, 854 . 

— mines, 831 . 

Heap of Wa.tee — 

canal falls, 218. 
developments of high, Chap. 10. 

low, 218-23. 

medium, 224-33. 

elementary, 20X. 
in pumping, 768 - 
lost in pipes, 247. 
variable, 223. 

Head works, 236. 

Heat — 

and power from steam, direct or electrical, 
747 ( 1 ). 

dissipation, motors, 671 . 

distribution in boilers, J70. 

losses in power-house, igi. 

low grade and ivaste, 176, x88. 

pump, heating and cooling by, 6x6, 620- A. 

run tests, 1023 . 

stored in water, formula for, 627. 
treatment for plants, 857 . 

— of steel, 978 -A 
Heaters, dectnc, and JP.JP., 136. 

immersion, 623. 
types of dectric, 620. 

Heathto, Eleoteic — 
advantages of, 6x3. 
and cooking, wiring for, 330. 

— cooling by heat pump, 6x6, 620-A. 

curves, 1025 . 

— mating metals, 643. 
apparatus, cost, 574. 

— minor, 63X. 

by induced current, 638, 639. 
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Heatirg, Electric {conL ) — 
by pissage of current, 64^. 

calculations for, 618, 6jg, 631, 62y . . 

cost of wiring for, 566. 
effect of short-circuit, 3jS. 
elements, 616, 6iy. 

I.B.E. rules as to, 633. 
in vehicles, 928. 
inductive, of fluids, 6jg-A. 
industrial, 634 et seq. 
limitations of, 613, 
of air, 6zg. 

— cables, sgi, 312, 338, 

— churches, 6ig, 620. 

— cinemas, 620. 

— converters, 408, 4og. 

— generators and motors, to avoid con- 

densation, 963. 

— insulation, 332. 

— rooms, 6ig, 620. 

— various materials, 618. 

— water, 621 et seq[. 
safety in, 632. 

-surface of boiler, X'jo. 

Heanum alloy, 63 {Table 6). 

y..— jjy. 

Height of overhead lines, 324, 

Helical gearing for lifts, 793. 

Helsby wiring system, 331, 332. 

Henley leak indicator, 333^ 
mamial, 2gi, 31 j. 
wiring system, 332, 334. 

Henries and millihenries, 2, 36. 

Herdeche hydraulic storage scheme, 230- A . 

Hering melting furnace, bjg. 

Heroult furnace, 640. 

process, 975. 

Hewlett insulators, 330. 

Heyland induction, motor, 688. 

High-fall water-power. Chap, 10, 

Highfield booster, 432. 

iransveHer (see “ Transverter ”). 
High-frequency air- core induction furnace, 63g, 
currents, 4*] (see also “ Lightning ”). 
induction motors for tools, 774. 

High: Pbessxtbe, Bleotrioal 

cables, 28y~g, 

constant-current in mines, 815. 
defined, 22. 
engines, xy2. 
overhead lines, 48X, 
steam, lyo. 

trav.smission, 3x3 et seq. 

High-speed circuit-breakers, 332 (5), 

— in traction, 869, 914. 
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High-speed Diesel motor coach, 873. 

generators, 143. 

High-temperature heating, 634. 

-tension machines for crop treatment, 867. 
— potentiometer, 95 {3). 

-voltage cable tests, 1028. 

Hipemik, 82. 

Hoisting, conveying, etc., Chap. 31 {see also 
“Lifts ”). 

energy used in, 784. 
speed, 788. 

Hoists, conveyor, 803. 

Holophane shades, 3gg. 

lumeter, 600. 

Home Ofeece — 
lampholders, 486. 

regulations, general, 38, 131, 132, 293, 336 
382, 638, 1040, 1061. 

— for factories and workshops, 1060. 

mines, 812-14, 819-22, 838, 839, 841 

1061. 

ships, 966. 

wall sockets, 4^4. 

welding dangers and the, 636 note. 

Homopolar dynamo, 134, xsg. 

HopMnson tests, 1021. 

Hopkinson^s law, transmission, 333. 

Horizontal and vertical motors, 761. 

Horh — 
arresters, 346. 
fibre, ^4. 
gap switches, 364. 

H0R.SE-P0WER {see also “ Energy ’ 

“ Power ”)■ — 
choice of, 762. 
equivalents, 3X, 201. 
for pumping, 768 et seq. 
hour, 33, 202. 

indicated, brake, electrical, etc., 31, 202, 

in water-power, 20X. 

of internal combustion engines, xjg. 

— motor-cars, 943. 

— motors, determining, 762. 

in mines, 823, 

required for mining purposes, 824 et seq. 

traction, 879 et sea. 

Hot— 

cupboards, 628. 
plates, 628, 630. 

— coat of, 334. 

-spot temperature, 122. 

— ■ — in transformer, 402. 
water radiator, 620. 

- — required in houses, 622 note. 

-well, J75. 
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wire instruments, Sg et S6(][., gg, 

— osetllograph, ij8. 

Hours of lighting, 6oy, 6 j2, 

House transformers, 4yg, 

Howard leakage detector, 332. 

H -poles, 323, 

HTimidifiers, cotton, 776. 

Humphrey pump, 182. 

Hunt cascade motor, 694. 

Hunter four-core pilotless system, 339- 
Hunting ” in converters, 408. 

— synchronous motors, 679. 

Hydbatjiic — 

analogies, 8, g, 24, 46, 260, 444, 448. 
cloth presses, 776. 
coupling, Fottinger, 963. 
laboratory, 214, 
mean depth, 210. 
rams, 772. 
slip-coupling, 230-A. 
turbines (see “ Turbines, water ”)- 
HydrauHcing in mines, 842. 

Hydrautomat for water raising, 230, 772. 
Hydro-dectric and thermal storage, 613. 

commission of Ontario on heating houses, 613. 
costs, 218. 

power. Chaps- 8 to 10. 

— and thermal storage, 613. 

tea firing, 6ig. 

water heating, 622, 

Hydbogek — 
as a cooling medium, 80- A. 
electrolytic, 633, 986. 
for cooling motors, 80- A, 671. 
welding in, 633. 

Hydrographs, 208, 2og. 

Hypochlorate production, 633, 984. 

Hysteresis, 34, 81, 82. 
dielectric, 312. 
in transformer, 3g8. 

I CE-MAKING data, 773. 

Ice on overhead wires, 324, 331, 

Ideal cMoy, 67 (Table 6). 

Idle componmt, iio. 

I.E.C. See ^‘International Electro- technical 
Commission.’’ 

I.E.E. See “Institution of Electrical En- 
gineers.” 

regulaiions for the electrical equipment of 
huddinga (see Wiring Rules ”). 

Hgner wind^g system, 829. 
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Im-UMIilATION — 
defined, 380. 
in vehicles, 927- 
lumens, 380, 

reflection from surfaces, etc., 390. 

required, 604, 603. 

shades, globes, and reflectors, 3gg. 

Immersion beaters, 6x7, 623, 634. 

— cost of, 3J4. 

— on railway stock, 928. 

Imtedaitce — 

cables, 310. 
elementary, 44-6. 
equivalent, of transformer, 3g2. 
frequency arid, 133. 
on overhead lines, 2gg, 302, 20']. 
switching and, 330. 
table of, 30J. 

Impregnation, 76, 86, 323. 

Impulse protective gaps, 346. 

wheels, 203, 214, 238. 

Incandescent lamps and power factor, 136, 
Inching starters, 738. 

Incrustation of pipes, 24^. 

Incubation, electrical, 866. 

India — 

rainfall and run-off in, 204. 
water-power in, 242. 

— cost of, 216. 
wood poles in, 323.. 

Indiarvbher, J3 (Tdble 7), ^4, 75, 28j. 
Indicated horse-power, 51. 

Indicating devices on switchboards, 775. 
Indicator, earth leak, 533. 

III. 

Indirect lighting, 602, 603, 603, 606, 

— fittings, cost of, 3y2. 

Indirectly-compounded D.C. motors, 677 
(Table 116). 

Individual and group drive compared, 748. 
Induced current for cooJcing, 62g. 

heating, 638, 639. 

draught motor, 67 0. 

H.M.F. and frequency, 133. 

Ikdxjctanoe — 
cables, 310. 
defined, 2. 

equivalent, of transformer, 392. 
overhead lines, 2gg, 302, 30^. 
resonance and, 330. 
table of, 3oq, 

Induction — 
cdtemator, 144- 
ammeter, JOS. 
elementary, 35, Si, 82. 
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Induction (cont .) — 
from traction circuits, 908. 
furnace and ^oxoer factor, 1^6. 
furnaces, 6jp. 
heating of fluids, 6jg-A. 
instruments, Sp et seq. 
magnetic, 81, 82. 
motor and frequency, 13^. 

power factor, 1^6. 

generators, 388. 

— relay, 344. 
regulator, 142, 406. 

self amd mutual, 2, 55, 36, 
wltmeter, 102. 

‘loattmeter, log. 

— relay, 358. 

Induction Motors {see also “ Motors, A.C. 
compared with commutator motors, 699 et 
seq. 

comparison of starting methods, 724. 

control of, 723, 724. 

data for, 681 (Table 119). 

general description, 681-96. 

on battleships, 958. 

short-circuit tests of, 1020. 

speed control of, 725. 

variable-speed, 728. 

with auxiliary machine, 728. 

— driven stator, 729. 

In&uctive coils for arresters, 346, 
localisation of cable faults, 1032. 
reactance and P.F., 186 , 

Inductor lauding control for lifts, 797. 
Industrial — 
air heating, 6ig. 

applications of synchronous motors, 679 
(Table 118). 

electric heating, 6jg, 634 et seq[. 
load curves, 266. 
loads, characteristics of, 780. 
locomotives, 874. 
power and heat, 747 (1). 
power for farms, 849. 
processes (Chap. 38) (^ee “Processes”), 
truchs, electric, 961. 

I.JB.C. (see “ International 
Commission ”). 

Inflammable gas in mines, 812. 

Influence maxims, 131, 

Infra-red radiation, 884, 897 “d.. 

Inherent regulation, 14'], 

Input and output of transformers, 3gi. 

Insects and electrical apparatus, 929. 

destroying electrically, 866. 

InstaUatian, cost of, Chap. 24. 
testing, 1037. 


Volume iX contains §§ 387-668. 

Installations and cost (see Vol. II). 

Instalment method of loan repayment, 1014 
Instantaneous relay, 344. 

Institution or Electrical ENaiREERs— 
model form of general conditions of contract, 

“ Regulations for the Electrical Equipment 
of Buildings,” here called “ Wiring 
Rules.” ^ 

wiring rules, 1064. Eor details, see “ Wiring 
Rules.” ® 

Institution of Gas Engineers, j6g. 

— Heating and Ventilating Hngineers, 6ig. 
Instrumknt(s) — 
and measurements, Vol. I, Chap. 3. 
on “ electrics,” 942. 

— shipboard, 959. 

Instrument transformers, 108, 384, 403. 
Insulated conduit, 83 g, 868. 
wires and cables, Vol. I. 

jro et seq. 

Insulating materials, coxistants, etc., 70 et seq. 
paint and varnish, y6. 

Insulation {see also “ Eicleotrio ”) 

cables (see “ Cables ”). 
class, 283. 

equivalent stress with A.O. and D.C., sgS. 
failure of, 382. 
grade of, 281. 
graded, 28g. 

high-pressure cables, 287 -g. 
material, B.S. classes of, 1018. 

— classified, 670. 
of conductors, 525. 

— transformers, 400. 

— trolley wire, 911. 

overhead lines (see “ Overhead Lines ”). 
resistance, ixg, 4^0, 4J1. 

— of cables, 1029. 

— tests of buildings, 1037. 

-sheathed wiring, 55r. 
tests, 1018. 

voltage and strain on, 2g8. 

Insulators — 
and wnductors, 59. 
cap type, 330. 
capacity of, 330. 
condenser type, 368. 
for tramways, 911. 
general, ^4, 330. 
solid arid plastic, ^4. 
tests, 1033. 

Intensity of illumination, 879, 380, 604, 608- 
rain-gauge, 204. 

Inter-connection of systems and plant, 186, 320, 
357 eb seq., 590. 
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Inierferenct ” fro-m earth return^ 482. 

— harmonics^ 40^, 
with radio, 416, 

— supply by consumer, $12, 

— with telegraphs, 908. 

Interlocked field rheostat, 736. 

switdigear, 366 et seq., 373. 

Interlocking in mines, 822. 

signals, 933- 
Intermittent earths, 3Si~ 
rating of tramway motors, 895 
“ Rating ”)- 

Internal and external characteristics, 138. 

combustion, 166. 

combustion engines (see “ Gas Mngines ; 

“ Oil Engines ”). 
resistance, 21. 

IlTTEENATlOI^AL — 
candle, 579. 
definitions, J. 

Electro-technical Commission, 6, 62, 8y, 136, 
X52, 238, 262, 1056. 

— rating of rivers, 
horse-power, 31. 
standard rating, 136. 

Standards Association, 1067. 

Interpoles, rjp, 671. 

in converters, 40S. 

Interruptions to supply, 355. 

of excessive current, 341, 

IntersJieaths, 28g, 311, 3ig. 

Inter-nrhan railways, 865. 

Intrinsic brightness, 597, 599. 

Inverse-speed motors, 670. 

Inverse time limit rday, 344- 

Inverted running of converters, 408, 412, 4x3. 

conversion, 388, 408, 412, 423. 

I^vward and outward fiow turbines, 233. 
Iodoform, 986. 

Ionic valves, 4x8 et seq. 
lonisation, 79, J05, 316. 

Ionized air, removal of, 869. 

Iridium,, 67 (Table 6). 

Ironclad-exide cells, 939. 

Ironclad reactance, 340- 
rectifier, 422, 423, 

switcJihoard and switches, 366, 3y6, 3yg- 
switchgear in mines, 822. 

Lro2t — 

and nichd cells, 434. 

— steel alloys, 979. 

• works, 778. 

— thermal storage, 62^. 
conductors, 331, 

-constantan couple, 122. 
magnetic separation of, 809. 


iBoisr (cont .) — 
pig, manufacture, 633. 

properties, 64, 66, 82, I2y, 33X, 645 (Table 
98). 

reduction and refining, 976. 
resistors, 6xy. 

wire as vdldage regulatcrr (Barreter), 383. 
Irons, j^t, 574, 5jr. 

Irrigation by electric power, 863. 

Irwin oscillograph, xi8. 

Isolated neutral, 331 - 

Isolating switches, 338, 361, 362, 383. 


J AO KBON, electric boiler, 624. 
J. and T. wiring, 332. 

Jet arrester, 346, 
condenser, iy3. 

J ets and impulse wheels, 233. 

Jib cranes, 786, 789. 

Jigger conveyors, 835. 

Joiners, wood- working, 775. 

Joints and connections, 488, 489. 
cable, 290. 

in wires, $34 (xo), 336 (30). 
pipes, 232. 

Johnson valve, 233. 

Joule, 2,5y. 

Junction bosces, 489. 

Jute, ys (Table 7), 74. 
machinery, 776 (Table 158). 


JVaLANITE, ys, 330- 

Kaleeco wiring, 332. 

Kalkos wiring, 340. 

Siannos wiring, 343, 336. 

Kando system, single-phase traction, 919-A 
Kaplan turbine wheel, 2x3, 2xg, 230. 

Katp — 

method of finding phase sequence, 130. 
phase advancer, 160. 

Karmer system, variable speed, 728. 
Kataphoresis, 997. 

Kathode (Cathode), xi8, 12'], 

Keepcdite ’* batteries, 430, 
battery system on ships, 963. 

Keighley Cralft 2-speed A.O. lift motor, 734. 
Kelhier process, 984. 

‘ Kelvin unit, 32. 

balance, xox. 

Kelvin's law, 333. 

Kenotron, 4x9. 
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Kettles^ electric, 62^. 

cost of, 57.JI, 

Kicking coil, 34.6. 

Kieselguhr, S^. 

Kilburn-Scott furnace, 974. 
Kilogramme-calorie, 48. 

Kilovolt-ampere, 55, 36. 

Kilowatt(s) — 
connected, 608. 
defined, 50. 

for tea manufacture, 61 g. 

-hours, 2, 82. 

—— and steam in electric hollers, 633. 

— generated in U.K., igg. 

method of charge, 2g2. 

per ton for melting metals, 645 {Table gS). 

in chemical and metallurgical pro- 
cesses, 638 {Talde gy). 

-year outputs, etc., in processes, 638- 
Kinetic generators, 666. 

Kingsway wiring, 882 . 

Kirduoffs Law, ^5(5. 

Kjellin furnace, 63g. 

Klydonograph, 104- A. 

Knife switches, 363. 

ICorndorfer connection in motor starting, 722. 
Kosfi-leading motor, AC. induction, 688. 
Kromore allot/, 6y {Table 6). 

Kruppin, 6y {Table 6). 

55 » 5 ^* 

JeW, hWh{ae^ KHowatV*), 

Kyanising, 86. 


AC Blanc and Lac Noir scheme, 230- A. 
Lacour converter, 413, 

Lagging boilers, lyi. 

currents, 46, iS3 et seq., 304. 

Lake Erie and Northern Railway, 917. 
Lakes, storage, 244. 

Laminated cores, 671. 

transformer core, jgB. 

La Mont boiler, ijo. 

Lamp, shwing-down oscilloscope, 123. 

sychroscope, X4g. 

Lampholders — 
cost of, 871. 

general, 488-7, $34 (^P)- 
jSome Office peUtern, 486. 

I.B/.LJ. rule as to, 487. 

Lamps {see also “ Arc Lamps,” ' Lightino- 
5 ^ 3 > 59 ^- 7 y 599 - 
arc-iricandescent, 897 - 
candle, 886. 

carbon filament, $84, 899- 

cost of, 871. 


Lamps {cont .) — 
efficiency of, 382, 383. 

'‘‘‘half-wattf' 383, 8gg. 
hours of use, 607, 612. 
incandescent, l.E.E. rule as to, 387. 
in parallel, 44g, 

— series, 443. 
of, 597 ' 

mercury-vapour, 383, 388. 

Moore tube, 88g, 8gg. 

Neon, 8go. 

number required, 603. 

pilot, in heating and cooking, 633. 

public, in series and parallel, 611. 

-sodium gas discharge, Sgo-A. 
special glow, 386. 
luLoUte, 386. 
tungsten, 383, 3gg. 
turn-down, 386. 

Lancashire boiler, 170. 
booster, 432. 

Lancashire ” reducer set, 948. 

Landing gear for lifts, 797. 

LarsorCs potentiometer, 93 {2), 

Latent heat in, evaporation, 626. 

— effusion, 643 {Table g8). 

Lathes, 775. 

Latour traction motor, 896. 

Lattice construction, railways?, 916. 
pole, 323. 

Laundry machinery, power required for, 757. 
Law — 

and Regulations (Chap. 41), 1039 et seq. 
Kelvin’s and Hopkinson’s, 333, 
of electricity, igS, 273, 322. 

Laxapana- Aberdeen hydro-eledtric scheme, 243, 
6ig. 

Layered insulation, yg. 

“ Lead ” and “ return ’ ' circuit, p. 

Lead — 

accumulators, 431, 

and nickel cells for “ Electrics,” 939. 
burning by " pyrotipf’ 637, 660. 
corrosion, 533. 

-covered cable, 283. 
fuses, 342, 
hydrate cells, 433. 
peroxide arrester, 346. 
plating, 994. 

properties, 65, 67 {Table 6), 127, 645 (Table 
98). 

refining, 992. 

sheath as return conductor, 482. 
sheathed wiring, 332-3, 

Leading and lagging currents, 46, 153 et seq., 
304. 
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Leakage — 

and jirotection, 352. 
currents, yr, 95, 332, 4^0-2, 

Jlux, 3gi. 
in instruments, p5. 

— -mines, 821 . 

on consumer's premises, 312, 
testing for {see “Testing”). 

Leather and "boot machinery, 775 (Table 153 ). 
LeatTieroid, 75, y4 {Table 7). 

Leblanc phase-advancer, 688. 

Ledandie cell, I2y. 

Leeds-JSforthrup furnace, 646. 

Letterpress printing, 777 . 

Lewi and over-compounding, 138. 

Leyden jar, 46. 

lilFE OF 

lamps, 3gy. 
lead cells, 431- 

plant and depreciation, 1013 . 
railway rails, 902 . 
road vehicles, 936 . 
tramway rails, 901 . 
wood poles, 86, 323. 

Lifting dams, 2ig, 223. 

magnets, 84, 805 et seg, 

Lifts, Elecstmc — 
brakes for, 797 . 
carrying capacity of, 799 . 
control of, 796 , 797 . 
coTmterbaJancing, 785 , 792 . 
doors and gates for, 797 . 
energy consumption of, 801 . 
escalators, 804 . 
goods, 798 . 

I.E.E. rules for, 795 . 

installatioiis, typical, 800 (Table 171 ). 

Keighley Cralft A.C. motor for, 734 . 

landing gear for, 797 . 

methods of driving, 793, 

motors for, 796 . 

passenger, 792 . 

— two-speed A.C., 734 . 
speed of, 794 . 

Legbt — 

and colour, 5j8. 

load losses of transformers, 3g4- 
overhead railway oonstniction, 917 . 
sources, inlrinaic iriUiancy of, sgg* 
treatment for plants, 867 . 

— of poultry, 866. 
vdocity of, 47, 

LxGHTmG, Elk(ttbic, Chap. 23. 
and domestic power on farms, 848 . 
direct, 601, 605, 606. 


Lighting, Electric {coni .) — 
domestic, office, worhshop, 601* 
fittings, cost of, 3y2. 
gas V- arc, 6og. 
hours of me. Soy. 

— movtihly and annual, 612, 
in mines, 840 . 

— vehicles, 927 . 
indirect, 602, 603, 606. 
maximum demand of, 263, 60S. 
power consumed in, 606, Soy. 
public, in series and parallel, Six, 
semi-indirect, 603, 603, 5o6. 
street, 6og, Sxo, 611. 

— by sodium lamps, Sgo-A. 

Lightnihq — 

and telephones, 333. 

— traction, 86g, gi4. 

— transformers, 400. 

arresters, 43, 334, 335, 346, 385, 421, 512. 
conductors, 348. 

Lignite, 168. 

LiUa Edd H,E. plant, 214, 

Lime-silica cement, 75- 
Lomit switch, 736 . 
lAmitation of current, 333, 340. 

— starting demand in motors, 744 . 
line construction, railways, overhead, 914 . 

fault rdays, 35g. 
feeders, tramway, 923 . 
j^stems of supply to traction, 868. 
voltage of transformer, 3g4. 
wdding, 662, 

Linear expansion of metals, Sy (Table 6). 

Lines of force, 35, 41. 

{supply) overhead and underground, Chap. ii. 
Linesman's defector, gS. 
linings for furnaces, 971 . 

Linked switch, 4. 

Lirudyte, 386. 

Lipman frequency meter, 1x2. 

Liquid (s) — 
controllers, 739 . 
fud, lyS. 

heating formula, Ssz. 
insulators, 77. 
resistance, 68. 
starters, 736 . 

Litharge arrester, 346. 
lithograph printing, 777 . 
live cable system testing, 1031 . 

steam utiliscdian, xy6. 

Load characteristics of motors, 749 - 
curves, 263, 266, 26S-A. 
despatcher, igo, 382. 

-duration curves, 26S-A. 
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Load Factor — 

-rpx, 

— to storage, 2jo, sjo-A. 

— tariffs, 2JO. 

— transformer losses, 4.01. 

— water-power, 2ig. 

defined and explained, 261, 263 et seq. 
in mines, 814 . 

— resistance welding, 664. 

— welding, 664, 66y. 

of furnace with thermostat, 636. 

— industrial processes, 969 . 

various classes of consumers, 780 fTable 
167 ). ^ 

on mains and station, 4J3. 

Loaders and conveyors, 835 . 

Loading coils, 82. 
of squirrel-cage motors, 682 . 
transmission line, 318. 

Loan periods and depreciation, 1013 . 

repayments, 1014 . 

Local action, I2y. 

— in cells, 43X. 

Acts of Parliament, 1042 . 

Local Authorities — 
and companies'* supplies, jg^. 

— wayleaves, 322. 

Location of faults, 1026 , 1032 . 

Locomotives, Electric 

alternating current, 919 . 
battery, 873 . 

compared with steam, 894 . 
cost of, 919 -A, 926 , 

Diesel-electric, 873 . 
for mines, 832 . 
goods, 872 , 918 . 
haulage by, 831 , 832 . 
industrial, 874 . 

passenger and freight, 872 , 918 . 

Ramsay, 873 . 
self.cotttaiued, 873 , 
shunting, 873 . 
single-phase, 919 . 
steam and, compared, 894 . 
three-phase, 872 , 919 . 
turbo-, oil-, and battery, 873 . 
weight of, 919 -A. 

Loetchberg railway, 919 , 

Loffler boiler, lyo. 

Lohys steel, 82, 

London P.O. freight railway, 922 . 

Long distance transmission, 313 et seq 
spans, 324 et seq., 329. 

Looms, calico, 776 . 

Loop tests on cables, 1032 . 
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Looping hack, 343. 

in, 488, 4g2. 

Loss of head, 24^. 

Losses — 

from, hydro-electric power to steam, 623. 

— via pumping and hack, 230, '210- A 
•in cables, dielectric, 312. 

— electric air heating, big. 

— plant, igi. 

— power-house, igs- 

— sub-stations, 426. 

— transformers, jpr, 401. 
light load, of transformers, 3g4, 

Low- 

frequencies for ship propulsion, 956 , 968 . 
-grade heat in mines, 817 . 

using, I'jS, x88, 

heads, hydraulic, Chap. g. 

-pressure turbines, xy6. 

— {dectric) defined, 22. 

-speed characteristics, motors, 763 . 

voltage and interruptions, 

— release, 355^ 

— tripping, 3^2. 

Lwcere alloy, 67 {Table 6). 

Luffing cranes, 786 , 789 . 

Lwmen, 380. 

per watt, 3^8, 582. 

XAiminous flux, 380, 
heaters, 620, 
intensity, 3jg, 380. 

Lundberg switching, 302, 

AOl ARLANE-BURGE control, 946 . 
iuachine(8), control gear for, X.E.E. rule 781 
textile, 776 . ’ 

-tools, driving, 776 (Table 161 ). 

Machinery, rating of, 136. 

Macintosh wiring, 333. 

Maconite, 533. 

Magazine lamps, 3g4, 

Magnesite, 83. 

Magnesium, 6j {Table 6), xjy. 

production, 635 , 980 . 

Magnet(s) — 
agei'ng ovens for, 642. 
elementary, 32, 40 et seq. 

fidd, X33. 

interpoles, jjp. 
lifting, 806 et seg. 

MaacwelVs rule, 32. 
polarity and current, 32, 33. 
reluctance, 41, 42. 
residual magnetism, 81-83, ^38. 



Mag COMBINED INDEX Mec 


References are to numbered paragraphs , not to pages. 
Yolume I contains §§ 1—386. 


MiGIiTErlC — 
blow-out, 36$. 
brakes for lifts, 797. 
chucks, 807. 
circuit, 41- 
clutches, 761, 808. 
field, 40t g2. 

— strength, unit of, 2 {Table r). 
flux measures, 121, 

— unit, 2 {Table j). 
pyrometers, 122. 
separators, 809, 997. 
shunts, Joy, 

steel and non-magnetic, Si et seq. 
Magnetisation curve, 81, 1019. 

Magnetism, current and motion, 35. 

Magnetite lamps, sgi, $^4. 

arc, efficiency of, 383. 

Magnetomotive force, 2 {Table j), 41, 42. 
Magneirtm, 421. 

Magno-nichd, 6y {Table 6). 

Mixsr — 

and tail haulage, 831- 
distribution hoards, 511, 5iy. 
feeders, tranaway, 923. 
haulage, 831. 

line and local traction, 865. 

— construction, overhead, 918. 

- — electrification, 865, 915 et seq., 921 (2). 
switches, l.E.E. rule as to, 310. 
wires and control, cost of, 3yo. 

Msdns {see also Overhead lines”; '‘‘Cables”)- 
defined, 43g. 
in distribution, 4y3. 

Maintenance and depreciation, ig4, 1015. 
Management in power-house, 1^4. 
Mangan-bronze, 333. 

JIangastese — 

-copper, 6y {Table 6). 
properties of, X2yl 
-steel, 6y {Tedded), 84, 979. 

— electrodes, 633. 

— trackwork, 902. 

Manganin, by {Table 6). 

Manning's hydraulic formula, 212. 

Manoeuvring power of electrically-dri¥en ships, 

957. 

Marble, ys {Table 7), 7^. 

Marryat’s lift formula, 799. 

“ Mary Ann,” electric, 755. 

Maryld>one charges, 2y2. 

Marx multiplying circuit, 1033. 

Mass, 2. 

and duration curves, 2og. 

Master control, 3y3. 

— on ships, 967. 


Volume II contains §§ 387-668. 

Master controllers, 736, 741, 897, 957. 
in traction, 871. 
switching, 304. 

Materials and properties, Vol. I, Chap. 2. 

power required to heat, 618. 

Mather & Platt train-lighting system, 931. 
Mats, electrically heated, 631. 

Mavor <fe Couhon wiring, 334. 

MAXrMTJM 

demand — see below. 
flow-off catchment, 204. 
temperature in fabrics, 80. 
values in A.C., 31. 

— of volt and ampere, 31. 

Maximum Bemajstd — 
explanation, 23g et seq. 
in cooking, 628. 
indicator, iiy. 

limiting, with group of motors, 744. 
had diversity factor f Vol. I, Chap. II. 

of lights, 608. 
predicting, 3y6. 
tariffs, 2y2. 

“ Maacwell ” unit, 2 {Table i). 

Maxwell's rule for magnets, 32. 

Maybach Diesel engines, 873. 

McCall biassed relay system, 33g. 

Mean and surface velocity of wahr, 206, 210. 
candle-power, 380, 581. 
value of sine wave, 30. 

Mbastjejm-g: Mbasubembnts — 
accuracy of, gz. 

conductance and resistance, iig, 120. 
current and pressure, g8 et seq. 
electrical. Chap. 3. 
instruments, 8g et seq. 
of flow of water, 203, 206, 210, 213. 

— flux, 121. 

— frequency, X 12 . 

— maximum demand, ixy. 

' — power, log. 

fador, J 57 . 

required by motors, 752. 

— revolutions, 123. 

— supply, XX3 et seq. 

— temperedure, I22. 

— wave form, X18. 
resistance, ixg, 120. 
standard, gy. 

Mechanical — 
connectors, 488, 4Sg. 
considerations in motors, 751. 
control of shunt motors, 717. 
effect of short-circuit, 338, 33g. 
efficiency, 166, i6y. 
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Min 


Meohaj^toal {cont .) — 
eqtiimlents of heatf i66. 

horse-power 33. 

watts and hilowatls^ 50. 

— watt-hours and kilowatt-hours, 32. 
forces in fratisformer, jgS. 
output of motors, 669. 
rectifiers, 416, 

transmission from motor, 761. 
Medium falls, water-power, 224. 
pressure defined, 22. 
resistance steel, 82. 

Megger test set, xig. 

Megohm, xg, 

Meltiro — 

hj induced current, 63g. 
m air-core induction furnace, 63g. 
furnaces, 634, 633, tjg, 640, 646, 64^, 
metals, 643. 


Metallic oxide rectifiers, 41J, 

JVretallifcrons mines, 84 - 2 . 

Metallising filaments, 383. 

Metallurgy (see “ Processes ”). 

Metering energy (sec also “ il/e^crA ”). 

Meters — 
ampere-hour, 114. 
and earthed neutral, 4^2. 
certified, ago. 
cyclometer dial, 1x3. 
eledrolytic, 8g, 1x4. 
frequency, X12. 
general, 34, 1x3 ot seq. 
in installation, 3x2. 
maximum demand, xiy, 
phase, HI. 
reading dials, ixj. 
recording, g3. 
testing, 1036. 


370. 


■ ^ ^ Kfjasuuir, IVOO. 

pom of metak. dc.. 67 (Table 6), 645 (Tahh Metropolitan elmtrh mppl;/, jiy. 
Memorandum of Homo Office on earthing in 


mines, 821 . 

Merchant mills, steel, 778. 

Mercuey — 
hotter, i66. 
meters, 1x5. 

-Neon lamps, 388. 
properties, 65, 67 {Table 6), 127. 
MBRCtTET-rAPOUR — 
lamps, 388. 

— efficiency of , 383. 
rectifier, 418 et seq., 422-4. 

— efficiency curve of, 423. 

— for traction, 869, 921 (2). 

iiy. 

ju 33 g. 

Meez-Peioe — 
balanced voltage system, 33g. 
circulating current system, 33g, 
conductors, 288, 2go. 

- 160. 

(Delta) connection, 143, 160, 

— transformer, 3g4. 

Messenger wires, 914. 

Mbtal(s) — 

amount cut by arc per kWh, Cgg. 
deposited in arc welding, 632, 654. 
dectro-chemical series, I2g. 
healing and melting, 643. 
propeHies (see under "'Copper,'* etc.) 

(Table 6), 643 (Table g8). 

rectifier, 4x7. 

sheathed wiring, 336 et seq. 

cost of, 363. 

Metal-graphite brushes, 66. 


67 
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Mica, 73 {Table 7), 74, So. 

cloth, 73, 74. 

Micafolium, 74. 

Micanite, 73 {Table 7), 34, So. 

Micarta, 73 {Table 7), 74. 

Miohie test for oil, 1034. 

Micro-ampere, 26. 

Microfarad, 2 (see “ Capacity ”). 

Microsol, 86. 

Middle wire (see “ Neutral ”). 

Mil, circular, 2^2, 30 g. 

M ild steel electrodes, 633. 

Mileage and speed of “ electrics,” 937. 

Miles Walker pha^e advancer, x6o. 

Milking booster, 432. 

I machines, electric, 856. 

MiUiampere, 26. 

Millihenry, 2, 36. 

Milling machines, 776. 

Million-volt transformer, 3g6. 

Millivoltmeier, xo6. 

Mineral caoutchouc, 74. 

Miniature motors, 670, 680, 710, 766. 
Minimax plug and socket, 4^3, 474. 

Minimum charges, 271. 

Mining, Minbs, Elbotrioity in (Ohap. 32)- 
accidents, 812. 
advantages of, 812. 
applications of, 823. 
armouring in, 821. 
cables for, 819. 
coal cutters, 834. 

comparison "with compressed air, 833. 
constant-current system, 816. 
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[Mining, Mines, Electbicity in (covl .) — 
controllers, 822. 
conveyors and loaders, 835. 
cutters, coal, 834. 
distribution of demand in, 823. 

— underground, 819. 
drills, 836. 
earthing in, 821. 
exhaust steam in, 817. 
explosions, 812. 

fan, comparison between methods of speed 
control, 726 (Table 134). 
flexible cables for, 820. 
fljnvheel storage for, 828, 829. 
gas in, 812. 

— utilisation in, 816. 
haulage in, 831. 

Home Office Regulations for, lOSl (see 
“ Regulations, Home Office ”). 
inflammable gas in, 812. 
interlocking in, 822. 
leakage in, 821. 
lighting in, 840. 
load factor in, 814. 
low-grade heat in, 817. 
metalliferous mines, 842. 
miners’ lamps, electric, 841. 
miscellaneous machines in, 837. 
motor-generators for, 814. 
motors for, 818 (,see also Motors ” ; 

“ Motors, A.C.” ; “ Motors, D.C.”). 
pit locomotives, 831, 832. 
plant for, 818. 
power factor in, 814. 
pumping in, 826. 
purchase of power v. plant, 816- 
regulations for, 1051 (see also “ Regulations, 
Home Office ”). 
rotary converters for, 814. 
safety in, 812. 

— lamps in* eleotrio, 841- 
salt mines, B42. 
screening in, 837- 
shot-firmg in, 838. 
signalling in, 839. 
standardisation in, 814. 
statistics of, 812, 816, 823, 834, 841. 
switchgear for, jyp, 822. 
ventilation in, 824, 825. 

washing coal, 837. 
winding in, 827-830. 

Minister of Transport, Memorandum on car 
equipment, 899. 

Regulations for traction, 901, 903, 

904, 909, 912, 914, 1062 (see 

also “ Regulations ”). 


Ministry of Agriculture, 844. 

— Transport, 332 (see above “ 31 mister’^). 
[Rliscellaneous mining machines, 837. 
Ifixed-pressure turbines (steam), 

•flow wheels (water), 233. 

Model general conditions, I.E.E., 334 note. 

specification for wiring (see ''Specification'’). 
3Iodulus of elasticity of metals, etc., 67 (Table 6). 
Mcebius process, silver, 989. 

Moisture-resisting motors, 670. 

Molybdenum — 
for furnaces, 636. 
properties, 67 (Table 6). 
steel, 979. 

3Iond gas, 16 g, lyS, rpy. 

Monel metal, 66 (Table 6). 

Monocyclic devices, single-phase motors, 730. 
3‘loody ejecter turbine, 220. 

31oore tube lamps, 5^9, 599. 

lamp, efficiency of, 383. 

Morgan crucible, 63^, 64^ {Table 102). 

MCortise machines, 775. 

Moscicki condenser, 346. 

Mosquito destruction electrically, 856. 

Motor buses, trams, and tracHess vehicles com- 
pared, 964. 
cars, rail, 871, 873. 

— electric (see “ Road Vehicles”). 

Motob- CONmUtTERS — 

baok-to-hack test of, 1021. 

Brush Co.'s method of starting, 413. 
cascade, 413. 
efficiency curve, 42$. 

Motob-genebatoes, 388. 
hack-to-back test of, 1021. 
efficiency curve, 423. 
flywheel, in rolling mills, 778. 

Gebus control for, 873. 
in mines, 814. 

Motob(s) and Motob, Conteol (see cdso below 
‘"Motors, A.C.”; “Motors, R.O.”,* 
“ Motors, traction ”) — 

AC. and I).C. compared, 763. 

-(ypical characteristics of, 670 

(Table 113). 

and drive, choice of, 750. 

— supply, 764. 
applications of, 746. 
braking methods for, 715. 

British standards for, 670. 
buses, see above. 

change speed, 670. 
characteristic curves of, 672- 
compared with line-shafting, etc-, 747 (2). 
construction, of, 671. 
continuous rating, 670. 
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Volume I contains §§ 1-386. 

M;otob(s) and Motor Control {cont .) — 
control and protection of. Chap. 29 ipassim. 
■ — gear, construction of, 738. 

— — cost of, 711 . 
controllers for, in mines, 822. 

winding, 827. 

converters, sec above, 
cooling systems for, 671. 
cost of, 711 (Tables 128-30). 
drip-proof ; duct- ventilated ; duty-cyclc 

rating; enclosed, 670. 
drying by embedded heater, 963. 
ejfect of frequency on, rj5. 
efficiency and power factor of, 672 (Table 


Volume II contains §§ 387-668. 

Motor(s) and Motor Control Uont )— 
ratings for traction, 895. 

— and temperature rise of, j jQ. 

reversing, 751. 

scrccn-protccted, 670. 

sclootion of type and power, 752 753 

scrira, shunt., compound md synolu'ouous, 

short-time rating, 670. 
small power, 670, 680, 710, 755. 

cost of, yyy. 

siiccificatiou of, 1002. 

speed variation in, 726, 751, 752. 

starters, dcfiniilon tind rating of, 713, 736 




flame-proof, 670. 

— control of, 740. 
for coal-cutters, 834. 

— cranes, 787, 789. 

— electric lifts, 796. 

— farms, 850. 

— haulage, 832. 

— machine tools, 775. 

— mine pumps, 826. 

— mining, 818, 823. 

— portable tools, 774. 

— printing machines, 777. 

— pumping, 768 et seq., 826. 

— railways, 896. 

— ship propulsion, 958. 

— steel works, 778. 

traction {see “ Motors, traction ” below) 

— tramways, rating of, 895. 

— vehicles, 943. 

— ventilation, 824. 
forced draught, 670. 
fractional H.P., 670, 710. 
general principles, 669. 

•gmfraioTs^I42, 388,425, 778, 814, 873, 1021 
horizontal and vertical, 751. 

I.E.E, rules as to, 781. 
in series-parallel, 458- 
induced draught, 670- 
inverse speed, 670. 
mechanical considerations, 751. 

-meters, 112, 114. 
moisture-resisting, 670. 
open, 670. 

output, torque, etc., 669, and Chap. 28 

passim. 

overloads for, 670 (Table 111). 

-panels, 385^ 

pipe- ventilated ; protected, 670. 
pony, 4JO. 
ratings for, 670. 

892 


— cost of, 711 (^J’al)Ic 130). 
starting conditions of, 714. 
submersible, 670. 

rise of, 670 (Tables 109, llo, 

torque, output, etc., 660, and Ohap. 82 
passim. 

— when starting, 7 14. 

traction, ,vee below “ Motors, traction.’* 

I Ippcs of, defined, 4. 

“Universal ” (fractional H.P.), 710. 
variable-speed, 670. 
vertical and horizontal, 75]. 
with flywheels, 751. 

Motoi^ Alternating (Jurrbnt {see also below 
Motors, traction”)— 

“ All-watt ” induction, 688- 
auto-compensatod induction, 688. 

Bouchcrot induction, 684. 
cascade, control of, 727. 

— induction, 694. 
characteristics of, 670 (Table 113). 
clutch, starting of, 722. 
commutator type, 699 et seq. 

s.-ph. control, 734. 

3.ph. control, 735. * 

— for power factor corrootion, 
687. 

condenser type, s.-ph., 690. 
control of, 721 et seq. 

Crompton-Burgo “Tru-watt,” 697. 

-Parkinson auto-synchronous, 696. 
current-displacement ( Boucherot), 684. 
definitions of starter, controller, rheostats. 

rating, 736, 737. 

Deri repulsion, 702. 
double-fed synchronous, 698. 

— squirrel-oage, 684. 
j- -stator, double-rotor induction, 698. 
dual frequency induction, 693- 
efficiency of, 672 (Table 114), 700 et seq. 



Mot 


Mot 


COMBINED INDEX 

References are to numbered paragraphs, not to pages. 


Vaiume I contains §§ 1—386, 

iloTORs, Altebnatino Ctjbrent {cont .) — 
for ship propulsion* 958. 
fractional H.P., 710. 
free stator starting, 732. 
freq[uency-changing speed control, 728. 
Fynn-Weichsel synchronous-asynehronous, 
697. 

Heyland induction, 688. 

Hunt single-field cascade, 694. 
induction type, 681-96. 

control of ; starting, 723-6. 

data of, 681 (Table 119). 

sjpeed control and P,F, correction by 

3‘ph. commutator, 88 j. 

-with auxiliary machine, 728. 

driven stator, 729. 

Karmer system, variable speed, 728. 
Kosfi-leading induction, 688. 

Hffc types, 796. 

miniature self-synchronising, 680. 
monocyclic devices, s.-ph., 730. 
no-lag induction, 688. 

Osnos induction, 688- 
Parkinson “ Tork ” s.-ph., 689, 691. 
phase-splitting for s.-ph., 730. 
pistoye triple-synchronous, 698. 

plugging,” 715. 
pole-changing induction, 686. 

— -shedding for s.-ph., 730. 
polyphase induction, control of* 723-6. 
power factor of, 672 (Table 114) ; 700 et seq. 

correction for induction, 695. 

Ijy 3-ph. commutator, 687. 

rating of, 722, 725. 

repulsion, control, 733. 

— -induction type, 690, 704. 

— type, 701-5. 

Richter induction, 685. 
rotor and stator, 671. 

— currents of induction, 725 (Table 132). 
Scherbins system of variable speed, 728. 
Schon-Punga single-phase, 692. 
series-repulsion single- phase, 703. 

— single-phase, 700. 
shunt-characteristic type, 706. 
single-phase induction, 689. 

control, 730. 

— repulsion, 701. 

— series, 700- 
control, 732. 

— shunt, 706, 

slip of induction, 681. 

— -rings, etc-, for, 671. 

speed of, 672 (Table 113), 698 (Table 125). 

— control methods compared, 726. 

— variation in, 722. 
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Volume II contains §§ 387-668. 

Motoes, Alters AT iJsrG Cubjrent { coni .) — 
split-phase, single-phase, 690, 
squirrel-cage, 681, 682, 684. 
starting of, 721 et seq. 

— torque of. 684 (Table 121). 
stator and rotor, 671. 
super-synchronous, 698. 
synchronous, 679, 680. 

— industrial applications of, 679 (Table 

118). 

— speeds of, 679 (Table 117). 

— starting and control, 722. 
synchronous-asynchronous, 696. 

— control, 731. 

repulsion, 705. 

terminal markings, B.S.L, 671. 
three-phase commutator, 707-9. 

— series, 708. 

— shunt, 709. 

Tordatype, 688. 

“ Tork,” 691 (Table 123). 

Torque, etc., of, 672 (Table 113). 
traction, 896. 

typical characteristics of, 672 (Table 113). 
variahle-speed induction, 694, 728, 729. 
Motors, Rerbct Citiire 25 -t {see aZso bdow 
“ Motors, traction ”) — 
armature, commutator and brushes, 671. 
characteristics of, 670 (Table 113). 
compound-wound, 677. 

— starting and speed control, 720- 
constant-current, 678. 

control of, 716 et seq. 
e£6.ciency of, 672 (Table 114). 

— weight, speed and H.P. of shunt, 675 

(Table 115). 
field system of, 671. 
for hoisting, 787. 

— ship propulsion, 958. 
fractional H.P., 710. 
indirectly-compounded, 677 (Table 1 16). 
lift types, 796. 

permanent-magnet type, 673. 
separately-excited, 674- 
series-wound, 669, 676. 

— starting and speed control, 718- 
shunt-wound, 669, 675 (Table 116). 

— starting and speed control, 717- 
speed of, 675 (Table 115), 677 (Table 116). 

— variation in, 716 et eeq. 
sorting of, 716 et seq. 

— resistance calculations, 719. 
terminal markings, B.S.L, 671. 

Torque, etc., 672 (Table 113); 675 (Table 
115). 

typical characteristics, 672 (Table 113). 
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MoToas, Direct Current (con ^.) — 
Ward-Leonard control, 716 . 
weight, etc., 675 (Table 115 ). 
Motors, Traction (^ee also above)^^ 
A.C. railway, 896 . 
cascade coupling for, 898 . 
control of, 895 . 

A.C., 898 . 

D.C., 897 . 

D.C. railway, 896 . 

Deri, 896 . 

Latour. 896 . 

master controller for, 897 . 
multiple unit connection, 897 . 
polyphase, 896 , 897 . 
rating of, 895 . 
reduction gear for, 895 . 
regenerative, 900 . 
single-phase railway, 897 . 
standard, 895 , 

tramway, 895 . 

Moulded type insulators^ 75. 

Mouldensite, 

Moulders, 776 . 

Mountain railways, 919 . 

MoutierS'Lyons schemef 31 j. 

Moving~coil instruments^ g6, loi. 

’iron ammeter and voltmeter, 100. 
power-factor indicator, iiz, 
stairways, 804 . 

Mujfle furnaces, 646. 

Multiblade fans, Pitter, 763 . 

Multiple — 
gap arresters, 346, 
switch starter and controller, 7 . 36 . 
switching, 50 

-unit trains, 871 , 897 , 921 . 
working, 921 . 

Multi-speed driving, 753. 

Multiway switches, 334, 

• Mumetal, 82, 979. 

melting, 63^. 

Murray loop test, 1032 . 

Mutwil inductance, 3, 35 (see “ Induction ’ 

AOLBR turbine-wheel, 213. 
Nalder-Lipman power-factor indicator, in. 

and Thompson frequency meter, 112. 

N aiural frequency^ 43, 
gas, i6g, ij8. 
steaim, 163. 

Navigation lights, 964 . 

N eedle valve, 255. 

Negative acceleration, 899 . 
in lifts, 796 . 


Negative boosters, 142, 38g, 906. 
diaracterisiic of arc, 65y. 

-glow Neon lamps, ^go. 

N eon lamps, jpo. 

— cost of, 57 j. 

— • efficiency of, 383. 
mercury lamps, 388. 

Nernst lamps, 3S3. 

N eiwork defined, 441, 
interconnected, 142. 
problems, 436, 433. 

Neutral I?oint — 
conductor, 4. 
earthing, 334, ^^2, 

— in mines, 821. 

in 3-phase, 4-wire system, 463. 

— 3 ’t^ire system, 461, 463. 
of 3 -wire system, 141. 

testing insulation alive, 1031. 

— transformer, 3g4. 

earthing, 3g4. 

Neutral zone and interpoles, ijg. 

Newspaper printing, 777. 

Niagara falls, 226. 

NicJirgme, 63 {Table 6), 122. 

^^636^ 635 {Table g6-A), 

resistors, 6x3. 

Nickel — 

and load cells for “ electrics,” 939. 
as conductor or resistor, 63, 63 {Table 6), 81, 
123. 

-cadmium alkaline accumulators, 4'14-A 
-chrome, 63 {Table 6). 
energy f^ melting, 643 {Table lor). 
extraction and refining, 990. 

-iron cells, 434. 
melting, 5jp. 

•nicdirome couple, 122. 

-plating, 994. 

— steel, 979 . 

properties of, 643 {Table 98). 

•stiver, 63 (Table 6). 

-steel, 63, 63 {Table 6), 82, 84, 

Nickdin alloy, 63 {Table 6). 

NmenmrtJu, hydmvlM storage scheme, aj -A. 
Nilgin Railway (India), 919 . 

Nitric add, atmospheric, 633. 

— production, 973 , 974. 

Nitrogen fixation, 974 . 

products, 973. 

I Nitrophoska, 973. 

Nodon valve, 413. 

I No-lag motor, A.C. induction, 688. 

No-load losses in transforms, -jar 
testa, 1019. ^ 
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Volume 1 contains §§ 1—386, 

No-7Mig iron, 67 {Table 6). 

2^ on-arcing metals, 346, 

Non-association cables, 28 J, 2S4. 
Non-condensing engineSy i']2. 

Non-inductive coils, 33. 

Norwegian water-power, 2jg, 243. 

Norwich system of charging for energy, 233, 
Notches, discharge of, 203. 

Notodden, 2ig. 

No-voliage release, 355. 

Nozzles for Pelton wheels, 233. 

Nystronds taMe, wind, 324. 


Oersteds, 2 {Tabu i), 43- 

Office lighting, 6oi. 

Official Regulations (see ^'Electricity Commis- 
sioners *’ ,* Home Office ” ; etc.)- 

Off-peah energy, 264, 26g. 

Ohm (see also “ Resistarwe''^), 2, 3, ig, jp. 
intemationaZ, value of, 2. 

Ohm's law, rj, 21, 24, 23, 28, 40, 44, 4g. 

Ohmer, iig. 

Ohmeters, gf, iig. 

OXLr— 

and air immersion of transformers, 400. 

-bath furnaces, 646. 

-blast, air-blast and steam switches, 332- A- 
-breah svniches, $66 et seq. 

-electric locomotives, 873. 
engines, see below. 
for transformers, 403. 
fuel, j68, 178, 179- 
-immersed fuses, 373. 

— starters, 738. 
insulators, 77, 
switches, 367. 

-tankers, electric, 962, 
tests, 1034. 
turbine, lyg, 183, 
varnish, 76. 
waste, etc., cost, 26g. 

Oiled iagge and doth, 74. 

Oil. En-qines — 

Diesel, 167, 179, 180^ 
effect of altitude, 17 g. 
e^iency, 180. 
fuel consumption, i6y. 
plant, specificationi of, 1010. 
semi-JHeael, j8o. 

Omega, iig, 

Ondograph, 118. 

Opal bowls, cost of, 372. 


Volume II contains §§ 387-668. 

Open — 
arcs, 5g2, 599. 
circuit, p, 438. 

— characteristics of generators, 1019. 

— localisation in cables, 1032, 
ddta transformer, 3g4. 

fuses, 373. 
hot-plates, 630. 
penstock, 218. 
sparking, 375. 

-type motor defined and classified, €70. 

— motors in mines, 818. 

OpeK CJHAiJNELS FOR WaTEE 

and pipes, 231. 

Balin' 8 formula, 210, 
calculating size, 211, 237. 
general, 211, 23^, 2 31. 
gradient, 21X. 

Manning's formula, 212. 

Operating mechanism of switches, 372. 
Operation of lead cells, 432. 

Optical pyrometer, X22. 

Ore concentration, magnetic, 809. 

Oscillating discharge, 346. 

Oscillation period, 47. 

Oscillator, triode, 420. 

Oscillograph, 118. 

Oscilloscope, 123, 

Elverson, 214. 

Osnos motor, AC. induction, 688. 

Ostwald process, nitric acid, 973. 

Outdoor substations, 427. 
switchgear, 376, 381. 
transformers, 481. 

Outer wire, 4, X4X. 

Output and input of transformers, 3gx, 

— ■ consumption data of processes, 633 (see 
“ Processes "). 
of converters, 407. 

Outward flow turbine wheel, 233, 

Oven’S — 

and furnaces, 628, 634 et seq. 

^35 {Table g6-A). 

cost of, 374. 

for drying and ageing, 642. 
industrial, 636. 

Overcharge of lead cells, 432, 

Over-compounding, 138, 

Over-excited syruhronous moter, 160, 
Overhanging turns in transformer, 395. 
Overhead Lines Association, 322, 846. 
Overhead Lines and CJonstettction (^ee also 
“ Transmission of Power *’) — 
aluminium, 308. 
breakage of, 324. 
i ccblea v., 334. 
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OvEEHEAD Likes akd Construction (co^ 
cajpacity, 305, 306. 

conductors other them copp&Tf joS, 3' 

constructioTij 324. 

copper conductors, 2oy. 

cost, 332, 334. 

dip and stress, 328, 32^. 

distribution and services, 481. 

earthing poles, 324. 

factor of safety, 324. 

general, 324 et seq. 

impedance, inductance, etc., 2gg et seq. 
insulators, ^4, 330, 368. 
on railways, see helow. 

' — tramways, 909 et seq. 

•poles for, 32g. 

reactance, etc., 2gg et seq. 

regulations for, 324, 1048 , 1049 . 

rural lines, 846 . 

safety devices, 324. 

service lines, 481. 

setting out, 324. 

specification for, 1007 . 

transmission by, Vol. I, Chap, 14 . 

Overhead System eoe Traction 

A.C. railway lines, 919 . 
railways, 913 , 914 . 

— equipment, cost of, 920 . 

— examples of, 916 et seq. 
tramways, 909 et seq. 

Overheating insulation, 332. 

Overxoad — 

capacity of mercury-vapour rectifier, 422, 

■ motor-generator, 388. 

transformer (Table 

defined, 670 . 
general, 338. 

in poup and individual drive, 748 . 
rating and, 136. 
relays, 344, 557 et seq. 
release, 743 . 

sustained, in industrial generators and 
motors, 670 (Table 111). 
tripping, 3'y2. 

Oxide film arrester, 3^6, 

Oxygen and hydrogen electrolytic, 633, 986 
Ozone production, 985 . 


t" ^DLE-WHEEL ships, eleotrically- 

dnven, 965 . 

Taint, insulating, 76- 
PaUadium, 67 {Table 6). 

Pancake coils, 3g8. 

Panel type switchboards, 3^6, jyy. 


I Panels, arrangement of switchboard, 38^ 

I Pantograph collector, railway, 913 
J. Paper as dielectric, yj {Table 7), gl 80 28'? 
-insulated cables, 283, 28y, 311, ’ * 

-making machines, 777 (Tables 159 , 160 ). 
Para- and diamagnetism, 32. ' > 

Paraffin, ry8, jyg. 
engines, i6y, x8o. 

73 {Table y), 34. 

IUrallee — - 

-Mock train lighting, 931 . 
connections, elemenUry, 448. 
converters, 412. 

-flow wheels, water, 233, 
operation of mercury -vapour rectifiers, 422. 

public lamps, 6ir. 

— ’ — transformers, 3g4, 3gy, 
running of dynamos, 148.' 

alternators, I4g, 130. 

series coupling, 432-4. 

of fans, 433, 306. 

transmission lines, 321. 

Parkinson “ Tork ” motor, 689 , 091 
Passenger lifts, 792 . 
locomotives, 872 , 918 . 

— cost of, 926. 

— on G.LP.R., 018 . 
ship auxiliaries, 678 , 964 . 

— electric drive for, 96 . 3 . 

Pasted plates, 431, 

Pasteurising, electrically, 855 . 
Pattern-makers’ lathes, 776 . 

Pauling process, 974. 

PaxoUn, 7,^. 

Peak factor, 30. 

in lighting, 608. 

Pelton wheels, 203, 214, 213, 238, 233. 

nozzles, 233. 

Pendants, cost, 3y2. 

bampholders, 483. 

Pendulum meters, JC13. 

Penstock, open, 218. 

Perborate of soda, etc., 986 . 

Perchlorate of soda, etc., 984 . 

Percolators, cost, 374. 

Percussive coal cutters, 834 . 
drills, 836 . 

Performance of electrical machines, 1017 . 
Periods ; Periodicity, 12, 133. 

Permalloy, 82. 
melting, 630. 

Perrmimnt magnet ammeter and voltmeter, loi, 

— motors, 673 . 
magnets, 83. 

way and return circuit, 901 et seq. 
Permanganate of soda and potassium, 986 
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Permanite steel, 83. 

Permax bird-guards, 324, 330. 

Permeability^ 40, 43, 81, 82. 

Perminvar, 82. 

Peroxide of hydrogen, 985. 

Persulphate production, 986. 

Peterson, earth coil, 331. 

Petrol, iy8, lyg. 

and electric cars compared, 943. 

-electric rehicles, 953. 
engines, i6g, 180, 
from coal, i6g. 

Petroleum, gs {Table 7), 77, I'jS, lyg. 

and thermal storage, 62J. 

Phanotron, 4ig. 

Phase — 

advancers, 160. 
connections, J 50 . 

•converted for 3* phase locomotive, 919-A- 
general, ii, 56. 
meters, lii, 137. 
rotation, ijO. 

•splitting for s.-ph. motors, 730. 

Phenix alloy, 67 {Table 6). 

Phosphor-bronze, 67 {Table 6), 331, 555. 
Phosphorus alloys, 979. (^ee above, also 
“ Phosphor-bronze.”) 
manufacture, 633. 
production, 983. 

Photo printing light, 578. 

•electric cells, 420-A, 743. 

for control gear, 743. 

Photometers, ^80. 

Photometric terms and units, 380. 

Piezo-electric effect, 130. 

Pig-iron furnaces, 633. 

Pilot lamps for heating and coohing, 632. 
wires, 33^. 

Pin and suspension insulators,- 330. 

Pinch effect, 63g. 

Pipes — 

and losses in water-heating, 627. 
turbine, general, 232, 246 et seq. 

— joints, 252. 

— line, example, 24g. 

— special, 230. 
water, friction in, 768- 

— specification for, 1011. 

Pipe- ventilated motor, 4, 670. 

— in mines, 818. 

Pistoye motor, 698. 

Pit locomotives, 832. 

Pitch, 73 {Table 7), 75. 

Pitter multiblade fan, 763. 

Planers, 776. 

Plans, wiring, 331. 


Plant— 
cost of, igs. 
depreciation of, 1013. 
for agriculture, 845. 

— mines, 818. 
general {Chap. 7)- 
maintenance of, 1015. 

oil and gas, specification for, 
self-contained, for vehicles, 929. 
space reguird, ig6. 
spare, igo. 

steam, specification for, 1008. 

Plante plates, 431. 

Plant statistics, 173, J:g 5 > m, ig8, 
PlasJeron, 74. 

Plastic insulators, 74. 

Plating vat, I2‘]. 

Platinoid, 67 {Table 6). 

Platinum for furnaces, 636, 

— properties of, 63, 67 [Table 6), ^3^ 
Platinum-iridium, 67 (Table 6], 

— -rhodium, 67 [Pable 6), 123^ 

— -silver, 67 {TdbZe 6). 

— thermometer, 122. 

PUoiron, 420. 

Ploughing, electric, 851. 

“ Plugging ” AC. motors, 715, 722. 
Plugs and sockets, 4g2-8,, 

charging type, 962. 

for mines, 820. 


Pneumatic drills, 836. 

Point, defined, 4. 

PoirU-five ” tariff, 273. 

^oirdolite lamp, 597, 59p. 

Points ” in mring, 363. 

^oint welding, 662. 

*olar curves of candle-power, $8l, 

*ohrisation, 8g, I2j. 

Polarised instruments, 127 et seq. 

Polarity and flow, 33. 

— in arc welding, fiyj, 632, 655. 

— of transformer, 3 g7. 

^ole-changing induction motor, 686. 

for speed control, 726. 

Pole-shading of s,-ph- motor, 730. 

^oles {magnetic), number of, xjg, 

'oles and brackets for tramways, qiq 

towers for overhead lines, S6 

etseq.,J 5 p. ’ -3 d. 324 

— preserving wooden, 846. 

'oUopas, 74. 


'OLYTHASE {sCt also ‘ xvJLwsraailDg eni. 4. 5 

Alternators ” : “ Motors, A.C v 
motors, 681-96 {see also ” ® 

— control of, 723, 724, 898. 


YOIi. III. 
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Polyphase (co 7 ^^.)— 
motors, for traction, 896 (,9ee also “ Motors 
traction ”). ’ 

V. single-phase iTansformei's, jgg, 

Poncelet wheel, 23 j. 

Pony motor starting, 410. 

PORCELAEN 

fuses, 3yy. 

general, properties, 73 {Table 7), 7^, So. 
insulators, 330. 

Portable — 
cells, 432. 

Sitings, 484. 

motors and line-shafting on farms, 860. 
sub-stations, 42J. i- 
tools, 774. 

Portland cement, 75. 

Positive boost, 33g. 

— ■ and negative boosters, 906. 

Post- and pre-war prices, 564. 

Post Office freight railway, 922. 
recommendations as to electrolysis, 907. 
Wheatstone bridge, X2o, 

technical instructions, 324. 

Potassium, 22y. 
chlorate by electrolysis, 633, 
production, 980. 

PoeentiaIj {see also Pressure ”) 

ar^. current transformers, 20S, 384. 
difference in arc welding, 632-0, 

— of, 2, 22. 
divider, 95, loy. 
earth, 24. 

gradient on insulators, 330. 

ground, 482. 

transformer, 403. 

— tests, 1036. 

Pot^i^ers, P.O., A.G. and high-t^ian, 05. 
Potentiometer-type field rheostat, 736. 

-Poultry farming, electricity in, 866. 

Poundal, 2. 

Powell process for timber, 86. 

Powm (see also lelow "Power factor”- 
Power-house ” ; “ Power required for 
ana energy used on railways, 888. 

— heat in industry, 747 (1). 

— speed on ships, 967. 

— worJk, 4$. 
apparent and true, 233. 
apphed to vehicles, 879. 
by-product, 776. 

calculations for traction, 878 et seq, 

-7 — — practical methods, 886, 886 
ctrcuits, 318. 

consumed by instruments, ^4 et seq. 
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Power {cent .) — 
cost of wiring for, 366. 
costs with electric drive, 747 (3) 
demand in mines, 82.3. 
distribution and aijplication, 747 (2) 
elementary, 2, 48, 33, 36. ' 

factor, ,vee below Power factor.” 
from pumped water, 230a. 

— surt heat, 263. 
generation in carriages, 929-32. 
-houses, see below “ Power-hoiisos.” 
lost by corona, 3x6. 
on petrol and electric cars, 943. 
per wage- earner, statistics of, 780 
plant data, Vol. /, Chap, 7. 
r<^mrod, see below “ Power required fo 
-station output in acceleration, 883. 
'Stations, Ghap. 7. 

^’■^PPly in agriculture, 846, 

mines, 814. 

•transmission, Chap), xx. 
water (see “ Watei’-pow(U’ 

Power Acts,” 1044. 

Power companies, 1041. 

Power Pactor — 
and condensers, 480. 
and its improvement, Vol 1, Chap. 3 
and tariffs, 230. 
ami voltage regulation, 133, 
avoidance of I mo, 258. 
capacity, condensance and, X36, 
causes of low, X36. 
ciYrrection, 23g-62, 388, sgo. 

“7 induction motors, 696. 

elementary, 33, 36. 

effect^ of,' 233. 

efficiency and, 133. 

errors of instruments, g2. 

excitation and, 140. 

for electric processes, 9C9. 

high, in motors, 753. 

improvement, 23g ot seq. 

in cables, 1030. 

— furnaces, 636. 

group and individual drive, 748. 

•— mines, 814. 

relation to weight of conductors, 468. 

— welding, 662, 66y. 
indicators, 2x2, 233, 383. 
measurement of, X33. 

of butt welders, 66x. 

— ■ converters, 4x1, 4x3, 

• electrolytic rectifiers, 4x3, 

^W'h-frequency furnace, 63g, 

— hp/mninrrwi Arr. 

— mercury vapour rectifier, 422. 
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Volume I contains §§ 1-386. 

Power Pactob {coM .) — 

of motors, 672 (Table 114). (jS'ee also 
“ Motors, 

induction, 681. 

open delta, 3gg. 

■ power line, 300 , 303 . 

synchronous, 679- 

variaws loads, T 57 - 

reactance, condensance arid, 136 . 
tariffs atid, 2 J 4 . 

Power-house— 
buildings, xg 6 . 
data of plant. Chap. 7 - 
efficiencj/, ig 2 , jg 3 . 
general. Chap. 7 . 
losses, jgi, 

output of, in traction, acceleration, 883. 

Power Bequieed eoe, — 
acceleration, 882. 
agriculture, 845 et seq., 858. 
air heatvng, 6 jg. 
baking ovens, 643 , 644 . 
cement mUls, 779. 
charging cables, 311 . 
coal cutters, 834. 
collieries, 779. 
compressors, 766. 
concrete mixers, 779. 
cotton machinery, 776 (Tables 154-6). 
dockyards, 779- 
driving generators, 164 . 
electric cooking, 628 . 

— processes. Chap. 38 passim. 
escalators, 804 (Table 172). 
excitation, 140 . 
fans, 761, 764. 
farms, 848, 849, 850. 
ferro-alloy production, 979. 
flour mills, bakeries, etc., 756. 
gradients in traction, 881. 
haulage, 831. 
hoisting, 784. 

Tiot-pdates, 630 . 

incubators, 856- 

indvaed current cooking, 62 g. 

industrial heating, 633 {Table 97 ). 

instruments, g 4 et seq. 

iron and steel works, 778. 

jute machinery, 776 (Table 168). 

laundries, 757. 

lifting magnets, 806. 

lighting, 606 , 60 ^, 612 . 

locomotwe haulage, 832 {see also “ Electric 
traction ”). 

machine tools, 775 (Table 151). 
magnetic chucks, 807 (Table 175). 

899 


Volume II coiitaius §§ 387—668. 

Power Bequired pob (cont ) — 
mining, 814, 816, 823 et seg. 
ovens and furnaces, 633 {Table g 6 a). 
paper-making and printing, 777. 
processes, 969 {see “Processes ”). 
pumping, 768 et seq., 826. 
resistance furnaces, 646 . 
rivet heating, 63 J. 
ship auxiliaries, 779. 
tea manufacture, 6 ig. 
textile machinery, 776. 
traction, 879 et seq. 

— general expression for, 884. 
tramways, 889- 

uniform speed on level track,- 880. 
ventilation, 824. 
water heating, 621 et seq. 
winding, 827. 
wool and worsted machinery, 776 (Table 157). 
Precipitation, electric, 996. 
test, 330 . 

Preece's formula for fuses, 342 . 

Preface, v, vii. 

Pre-heating in arc welding, 632 . 

Premier welder, 63 ^. 

Prepayrnevt meter, 116 . 

Prescot wiring system, 352 . 

Preserving timber, 86 . 

Pressboard {Presspahn), J 3 {Table 7 ), ^ 4 . 
Press^, printing, power for, 777 (Tables 161, 
162). 

Pressure, Electrical ; E.M.P. ; P.D. ; 
Volt(age) — 

and current of alternator, 143 . 

British standard, 1047. 
declared, variation in, 46 g. 
definitions and dementary, 22 , 24 . 
drop and frequency, X 33 . 

— in cables, 286 . 

installation, 334 ( 7 ). 

rail return, 903. 

effective, 2 g. 
excess, causes of, 343 - 
for arcs, sgs. 
gradient, 72 , 368 . 
high, medium, and low, 22 , 23 . 
in arc wdding, 631 , 637 . 
insulation and, 2 gy. 
maximum, 31 . 
reducing coil, g 3 , xoym 
2 g, 30 . 

regulation by booster, 142 . 
standard {British), X 34 . 
variation allowed in mains, 442 . 

— in vehicle lighting, 927 et seq 
virtual, 2 g. 
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PaESStJRE, Mboiianical, etc. — 
and exhaust fans, 763. 

— Piezo effect, 130. 
in pipes, 248, 24g. 
on poles, loind, 324, jsg, jjj. 
steam, 1^4. 

— standards, lyo. 

Prices, see “ Cost.” 

— pre- and post-war, Note on, 364. 

Primary and secondary current in transfor'mer 

391 - 

— cells, I2y, X28. • 

Prime movers, Vol. I, Chap. 6. 

choice of, 18 g. 

Printing machinery, 777 (Tables 161, 162). 
Prismatic shades, ygg. 

Private plant v, purchase of energy in mines 
816. 

and public supply, 185 et soq,, 43B. 

for farms, 845. 

“ Process,'' '' steam, 1^6, iSS, yy6. 

for textiles, 776. 

Processes, Electro -chemical and Electro- 
Metallurgical — 
abrasives, 981. 
alkali, 984. 
alloys, 979. 
aluminium, 975. 
bipolar electrodes for, 970. 
brine products, 984. 
oheap power essential for, 969. 
copper production, 987. 

— plating, 994. 
definitions, 970. 
distillation products, 983. 
efficiency of, 970. 
electrolytic processes, 984-94. 

efficiency of, 970. 

electro-plating and typing, 994. 
equivalents, chemical and electro- chemioal, 

970 (Table 213). 
ferro-aUoys, 979. 
furnace products, 973-83. 
furnaces for, 973-93 {see also Vol. XI, SS 634 
to 647). 

— processes, 973-83. 
gold extraction and refining, 988. 

— plating, 994. * 

graphite, 982. 
hydrogen and oxygen, 985. 
iron reduction and refining, 976. 

— and steel alloys, 979. 
lead plating, 994. 

— production, 992. 
lini^s for furnaces, 971. 
load factor iu, 969. 


Volume 11 contains 387-6(38. 

Processes, Electro-oiiemioal and Electro 
Metallurgical (cont.)—. 
metallio products, 975-80. 
nickel extraction and refining, 990. 

— plating, 994. 

— -steel, 979. 
nitrogen fixation, 974. 

— produc^ts, 973, 974. 
output and consumption data, 633. 
oxygon production, 985. 
parallel electrodes foi', 970. 
potassium production, 980. 
power faistor in, 969. 
j)rocipitatiou, olootrie, 996. 
quartz, 981. 

separation, various methods, 997, 
silver extraction and refining, 989. 

— plating, 994. 
sodium and potassium, 980. 
steel alloys, 979. 

— from arc furnaces, 977. 

induction furnacc'H, 978. 

summary of, 972. 
synthesis, electric, 995. 
tin recovery, 993. 
zinc extraction, 991. 

plating and wet galvanising, 094. 
Producer gas, jrd;, xy8, x8i. 

Projectors, 6x3. 

Projects and service in traction, 875 et sea, 
Propeller pumps, 771. 

— water turbines, 2x4, 230. 

Properties of materials for thermal storage, 623. 

— of metals, etc,, 643 {Table g8). (See also 

Chap. 2, “ MateriaW^) 

Propulsion of ships, ^ee “Ship propulsion, 
olectric.” 

Protected machine, defined, 4. 

— motors, 670. 

in mines, 818. 

Protection of circuits and apparatus, Vol. J, 
Chap. 13, 

low-tension circuits, 3g8. 

motors, 713 et seq. 

— on traction systems, 892. 

Protective devices for motors, 743. 

— reactance, 340. 

— systems in mines, 819. 

Provmonal otders, 1040, 1041, 1043. 

Public supply, X83 et seq. 

— and private supply, 438. 
lamps in series and parallel, 6ix, 

— j'wpjpZy, connection to, 312. 

Pulley-blocks, electric, 790. 

PuU-out torque, 762. 

Pulverised coal, x68. 
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l^TMPING ; PuMFS — 
electric, 767 ef seq. 

as auxiliary^ jSj. 
in agriculture, 853. 

— irrigation, 853. 

— mines, 826. 
power for, 768 ei seq. 
small, cost, SIS' 

to storage for power, 330a. 

Punches, 775. 

Puncture tests, 1033. 

Punkah, pullers, 764. 

Furdiase of erurgy, iSs et seq. 

— or private plant in mines, 816- 
Push- button lift control, 797. 

Pyrarwl, 77. 

Pyro-eledric coiid actor, J2. 

Pyrometry, 122. 

Pyrotip heating, 63J. 

V.^ UAPRUPLEX air compressors, 76i 
(Table 144). 

Quarries, electric working in, 811, 842- 
Quarfer- and half-wave transmission, 318. 
Quartz, gg {Table 7), 34, 130. 

— glass, 981. 

— mercury-mpour lamps, 588. 

Quasi-arc welding, 6S3. 

Quich-hreak suMches, 363 et seq- 


ADIATION pyrometer, 122. 

— and convection losses in rooms, 620. 
Radiators, 620. 

— cost of, S74' 

Rail cars, Diesel-electric, 873. 

— motor coaches, 871. 

Rail(s) — 

-brakes, 899. 
conductor, rahway, 902. 
rail-bond resistance, X20. 
railway, 902. 

resistance and weight of, 901. 
return for A.C-, 905. 
standard, British, 901. 
tramway, 901. 
voltage drop in, 38g. 

Railwa-YS, Electmo (6'ee also “ Electric 
traction “ Motors, traction ” ; “ Tram- 
ways ”). 
adhesion, 890. 
alternating current, 919. 

Bombay, Baroda and Central India, 868, 
915- 

braking on, 899, 900. 


Volume II contains §§ 387-668. 

Railways, Electbic (conf.) — 

Brighton line, Southern Railway, 921 (2). 
Budapest section, 919-A. 

Chicago, Milwaukee and St. Paul, 863. 
classification of, 864, 865. 
cost of, 926. 

current collection on, 913. 
electric and steam compared, 894. 
examples of, 915 et seq. 
feeders for, 924. 

Great Indian Peninsular, 916, 918. 
Hungarian State, 919-A. 

Kandd system, single-phase, 919-A. 

Lake Erie and Northern, 917. 
line construction, 914. 
locomotives for, 872-4, 894. 

Loetschberg, 919. 

main and suburban, 865, 915 el seq., 921 (2). 
motors and control for, 896, 898 {see also 
“Motors, traction ”). 

Nilgiri (India) rack, 919. 
permanent way and return circuit, 902, 904, 
905. 

Post Office (London) freight line, 922- 
power and energy calculations, 878 et seq. 
projects and service for, 875, 877. 
rails and permanent way, 902- 
regulations as to, 904, 908, 914, 920, 1062. 
return circuit on, 904. 
rolling stock on, 871-4. 

and service, 877. 

signalling on, 933. 

Southern Railway, 921, 933. 
speed-time curves, 885, 886. 
street railways {see “ Tramways ”), 862. 
supply of powet to, 868. 
third-rail system, 920 et seq. 
tractive effort ; resistance ; coefficient ; 
890, 891. 

train lighting systems on, 927 et seg. 
tube, 904. 

tunnels on, 902, 914. 

Rainfall and run-off, 204. 

storage, 242. 

Rain-gauge, fractionaUng (Meares), 204. 

Ram pumps, 768, 769. 

Ramsey locomotives, 873- 
Rateaible vadtee charges, 273. 

Rate of electric welding, 654, 633. 

Ratingi — 

International standard of, 136. 
of crane and hoist motors, 787- 

— hot-plates, 630, 

— lamps, etc., 334 (8), 5S5. 

— machinery, 236. 

— motors, cotttinuons and short-time, 670. 
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Rating {coni ) — 
of oil switches, ^6g. 

— pole-changing synchronous, 722 (Table 

131). 

— rivers, 2og, 1058. 

— starters, controllers, rheostats, 737. 

— tramway motors, sqK- 

— transformers, 402. 

Malio of voltages in transformer, jgx, 3g4. 

Emjo alloy, 67 {Table 6). 

Reactance — 

alternators, 14'j. 
cables, 310. 

capacity, 46, 133, 304. 
coils, 346. 

component, no, 134. 
elementary, 44-6, 

in starting induction motors, 724. 
of short circuit, jyo. 

— overhead lines, 2gg ct seq. 
protective, 340. 
switching and, 3yo, 
table of, 3oy. 

Meactors, current limiting, 340. 

RecaZescence, 64, 84. 

Reciprocating and rotary compressors, 766. 
Reclamation pumping, 863. 

Recording instruments, g3, gg. 

Records in power-house, xgs, xgj. 

Recovery of tin, 993. 

— ■ plants, x6g. 

Rectangular weirs, 203. 

Rectified current, 13, X32. 

Rectieibrs — 
copper oxide, 4xg. 

for lift brake control, 797. 

Crypto, 4iy. 
crijto, 4x6. 
for traction, 869. 
general, 4x3 et seq. 
in cable tests, 1028. 
magnetron, 421. 
mercury vapour, 422-4. 
pliofron, 420. 
iriode, 420, 424. 

Rectifying matting, 41^. 

Rectigon, 4xg. 

Recuperation of battery under reduced discharge, 

Redmanol, ^4. 

Red rope paper, ^4. 

Reduction gearing on ships, 960. 

tramway motors, 896. 

— of iron ore, 976 
Redvuior, 4yg note. 


Volume II contains §§ 387-668- 

Refining of copper, 987. 

gold, 988. 

iron, 976. 

lead, 992, 

nickel, 990. 

silver, 986. 

Reflecting power of surfaces, 600, 

Reflection ratio, 3S0. 

Reflectors, cost of, 3^2, 
shades, etc,, 3gg. 

Refractories and linings, 83, 971. 
Refrigerating machinery, 773 (Tables 149 
160). 

on ships, 962-4. 

Refuse as fuel, x6S. 

Regeneration, 881. 

— from propolkT, 962. 

Rogciiorative braking, 716, 900, 945. 

Register gale., 22x. 

Regulating water storage, 234, 23g. 
Regulation (see below “Regulations”) 

alternators, 14J. 
furnace electrodes, 64X. 
of voltage in mercury vapour rectifiers, 422. 
tests of generators, 1022. 
turbines, low fall, 22 X. 

— Felton, 233, 236. 

Regulation ” of transformer, 3g2. 
Regulations and Rules — ' 

JSlcotricity Commissioners (official), 133, xgi, 
•rp5> ^ 97 » ^ 93 ) 3 ^ 4 t 33^9 4^9, 470, 402, 

47S, 481 9 1048, 1049. 

Home Office (official), for factories, mines, 
ships, workshops, 38, 131, X52, 2g3, 333, 
358,382, 638, 812-14, 819-22, 838, 839, 841. 
966, 1060, 1061. 

the Minister of Transport (official)— 
as to interference, 923. 
for light railways, 1052. 
railways, conductor rails, 920. 

— lino equipment, 914. 

— overhead work, 908. 

— track and return circuit, 904. 
tramways, brakes, 899. 

— car equipment, 912, 
overhead work, 908. 
permanent way, 901, 1062. 

— track and return circuit, 903, 909. 
Unofficial — 

Institution of Electrical Engineers, for the 
electrical equipment of buildings, see 
“ Wiring Rules.” 

Regulators, speed, for fans, 769. 

— induction, 406. 

Reinforced concrete poles, 323. 

Relays, 124, 343 et seq., ^57 et seq., 368. 
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Reluctance, 41 , 42 . 

— unit of, 2 {Table i). 

Remanent magnetism, Sl- 3 , 138 . 

Remote control, 3 J 2 , 3 J 3 , 3 ^ 8 , 741. 

Remn&rfelt fwmoce, 640 . 

Repairs and maintenance, 194 , 269 . 
Repayment of loans, various methods, 1014. 
Report on heating of houses, 61 $. 

Repulsion between conductors, 338 . 
Repulsion-induction motors, 704. 

Repulsion motors, 701, 703. 

— > — control of, 733. 

Reservoirs and pumping, 230 a. 

— and storage, 239 et seq. 

— balancing, 240. 

Residual magnetism, 81 - 3 , 138 . 

— ■ value of plant, 1013. 

Resins, 7J, 74 . 

Resista alloy, 67 (Tab Je 6 ). 

Resistancs(s), Electrical — 
alloys, 67 (Table 6 ). 
copper, 62 . 

currerU and power of lamps, 383 . 
due to skin effect, 905. 
elementary, 2 , 8 , 17 , 19 - 24 . 
equivcdent of transformer, 392 . 
furnace processes, 635 , 636 . 
furnaces, 971. 
hard-drawn copper, 30 ']. 

I.E.E. rule as to resistances, 781. 
insulation, 119 . 
materials, 67 [Table 6 ). 
measurements, 119 , 120 . 
metals and alloys, 67 (Table 6 ). 
of carbon electrodes, 641 . 

— conductor rails, 901, 902, 920. 

— • track rails, 903, 

reactance, impedance (q-v.), 44 - 6 . 
shunt, 138 . 
starting, 719. 

tests, temperature method, 1024. 
ihermmnxters, J 22 . 
unequal in parallel, 450, 
welding, 660-4. 
zero, 166 note. 

Rresistance, b raotive, 891. 

Mesistivity, t 8 . 

Resistor furnaces, 97 8- A. 

Resistors, nichrome, carbon, silit, iron, etc., 618 . 
Resonance, 47 , 3 x 8 , 350 . 

Restricted hour tariff, 272 . 

Retardation, power absorbed in, 899. 

Return, circuit, A.C., 905. 

■ — — and permanent way, 901 et seq. 

hy rails, railway, 904. 

tramway, 903. 


Volume II contains §§ dSl-S 6 S. 

Return circuit, earthed, 903. 

explanation of, 9. 

— feeders and boosters, 906. 

Reverse current and power relays, 357 , 358 . 
Reversible boosters, 432 . 

— driving, 753. 

— field rheostat, 736. 

Reversing motors, 751. 

— ships, 957. 

Revolutions, measuring stroboscopically, Z 23 . 
Reyrolle switchgear, 38 c. 

Rheostats, 138 , 383 . 

— R.S.I., definition of, and rating, 736, 737. 
Rheostene and rhetan odloy, 67 (Table 6 ). 
Richter induction motor, 6^. 

Ring mains, 383 . 

for farms, 846. 

Rip saws, 775. 

Rivers — • 

bends and falls on, 206 , 2 ig, 228 . 
rating of, 1058. 

curves, etc., 20 g. 

Riveted and welded pipes, 248 . 

Riveting ma^shines, 775. 

Rivets heating, 637 . 

— replaced hy electric welds, 649 . 

Bjukam, plant, 243 . 

Roai> Vehicles, Electric — 
battery-charging for, 948-50. 

— vehicles, 936 etseg. 

— weight of, 938. 
brakes for, 945. 
cells for, 941 et seq. 
comparison with petrol, 943, 954. 

— of various types, 954. 
deadweight of, 938- 
diive of, 944. 

energy consumption of 946. 

general information as to. Chap. 36 passim. 

horse-power of, 943. 

industrial trucks, etc., 951. 

instruments on, 942. 

life of, 936. 

mileage and speed, 937- 
motors for, 943. 
petrol-electric, 953- 
puhlic service, 937. 
road surfaces, 946. 
running costs of, 947. 
service data as to, 937. 
speed control of, 945. 
tractive resistance to, 946. 
J^ecMing-RodenJumser furnace, 639 , 647 . 
Roller bearings in haulage, 832. 

Rolling drum compressors and exhausters, 766- 

— steel, power for, 778. 
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KonuNG Stock, Tbactxon — 
and service, railways, 877. 

— — tramways, 876. 
generally, 870 e.t seq, 
lighting, etc., on, 927 el sf.q. 
on .11. B. and C.L line, 910. 

— Brighton line, 921. 

— G.LP. line, 916. 
supply on, 868. 

Bolls, bending, 776. 

Mooms, warming, 6xg. 

Hoot-TMan^sqnare values, 2g, 56, 

Jiope drive, 164.. 

— for haulage, 831 . 

— haulage ploughing, 86 1 . 

— speeds in winding, 827. 
jRosin oil, 

Botary and reciprocating compressoi-s, 766. 
condenser, 160. 
drills, 836. 

Rotary-comerters, i^S, 136, 408 et8cq[., 667. 
baok-to-baok tests of, 1021. 
efficiency curve of, 42^. 
in mines, 814. 

— traction, 869. 

— ■ welding, 667. 

■Rotating and rocking furnaces, 640. 

Rotation phase, 1^0. 

Rothamsted experimental station, 867. 
Botor(s), 133, 671. 

currents of 3-h.p. induction motors, 720 
(Table 133). 

— starters, 738. 

■hlousseau’s method and figure, 381. 

Rubier, 75-5, 287. 

— tough {cab 4 yre), 551. 

Rubbered tape, 74. 

Ampere's, 33. 

Crompton's, 33. 

Rl&ming's, 33. 

Maxwell's, 32. 

Buies as to electricity in shins 966 
non-statutory, 1053. [sfe ‘ “ Begula- 
tions ” ; “ Wiring Rules.”) 

“ Ruling gradients,” in traction, 875. 

Running costs of “ electrics/* 947. 

— speed of lifts, 794:. 

Run-off, Barlow's method, 204. 

Runways, 786, 790. 

Ruping process, 86, 

Rupturing capacity of switches, 360-71. 

RtTKAL XiCNES — ■ 
distribution by, 847. 
for agriculture, 845 et. seq. 
regulations for, 1048, 1049. 


Volume IL contains §§ 387-()t)8. 

Rueat. Links (coni ) — 
transformer and consumer data for 
(Table 179). ’ ” 

transmission by, 840. 

Russell's method for candU-qyower, etc., 381. 
Rutger q>rocess, 86. ’ 

Ruth's steam storage, 623. 

> 

A AO II EM ptfini, 243. 

Saccharine 'process, timber, 80 . 

Safety devices, 324. 

in A.U. and JXC. iccUUng and cutting, 656 
638. ’ 

— lamps in mincH, 841. 

— Mines Rcscandi Board, 812. 

— mining, 812. 

— rules for tramcar ('(juipnK'ut-, 912. 

Sag of overhead lines, 328, 32^. 

Sale of energy, 268, 270 et seep 
Salt-bath f urnaces, 646. 

Salt mines, 842. 

Sampling coal for analysis, 168, 

Sand and thermal storage, 627. 

• — Ira'ps, 338, 240. 

Sandberg steel rails, 902. 

Sandpaper maoliinos, 775. 

Saturation de'nsiiy, 81, 82, 

Saucepans, electric, 628. 

Savings duo to oloctrioity, 863. 

— regeneration, 900. 

Sawdust as fuel, x68. 

Saws and saw-sharponors, 775. 

SB alloy, 67 {Tabled). 

Scales for instruments, gi. 

Schedule of wiring, 322. 

Scherhius phase advancer, z6o. 

■ — system, variable speed, 728. 

Sobering bridge for P.F. tests, 1030. 

Sohonherr process, 974. 

Sohon-Punga single-phase motor, 692. 

Scoop-type scraper loader in mines, 836. 
Soott-Beutley discriminator, 718. 

Scott connection, 3^4. 

Screening coal, 837. 

Screen-protected motors, 670. 

Screwed conduit, 53^ et soq. 

Screw-type pumps, 771. 

Seeding-wase heaters, 631. 

Seam welding, 660, 663. 

— ^ vfj tnwmjQrmer, 3gi. 

bBOOBTDAEY BaTTKEIKS ; CELLS— 

alkaline, in safety lamps, 434, 434b, 841. 

— and primary, 127. 
ampere-hour efficiency, 43X, 432, 434. 
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Volume I contains §§ 1-386. 

Secokdary Batteries ; Cells {coni .) — 
backvmrd cells, 432. 
bare connections for, 561. 
boosting, 949 . 
capacity of, 430 et seq. 

— for “ electrics,” 941 . 
care of, 432. 
charging, 432. 
charging, for vehicles, 948 . 

— tariffs for, 950 . 
discharging, 431, 432. 

Drumm, 873 - 
Edison, 433. 
dectTolyf.e for, 43l~3- 
E.M.F. of, 430, 431, 434. 

Faure, 431. 

for “ electrics,” 936 et seq., 948 - 50 . 

— railway carriage service, 929 . 
l.E.E. rules as to, 431. 

in parallel, 451, 

— series, 447. 

— series-parallel, 454 

“ Keepalite ” system, 430. 
lead, 431 et seq. 
lead-hydrate, 433. 
locomotives, 873 . 

— for mines, 832 . 
nichel’iron, 433. 

Plante, 431. 
portahle, 432. 

propelled public-service vehicles, 937 . 

road cars {see “ Road vehicles, electric ’ 
936 et seq. 

specification for, 1004 . 
sulphcding of, 432. 
traction. Chap. passim. 
tractors and trucks, 961 . 
trickle charging, 430, 432, 383. 
truck cranes, 789 - 
vehicles, running costs of, 947 . 
watt-hour efficiency of, 431, 434. 
zinc-alkaline, 873 . 

SectionaJising of overhead line, 909 . 

Seed treatment, electrical, 867 . 

Seewer turbine governing, 233. 

“ Selected stations,'^ British, 268. 

Selection of suitable motors, 762 , 753 . 
Selective protection, 337 et seq. 

Selector switches, 362. 

for lifts, 797 . 

Selenium, 63. 

Self-balance system JSg. 

-contamed locomotives, 873 . 

•exciting, 133, 140. 

•inductance, 2, 55. 


Volume II contains §§ 387-668. 

I “ Selsyn motors, 680 . 

I Semi-Diesel e^igine, igg, iSo. 
Semi-eneZosed machine, 4. 

Semi-indirect lighting, 603, 603, 606. 
Separate excitation, 133, 140. 

of motors, 674 . 

— — ships’ dynamos, 960 . 

Separation, electrical, 997 . 

Separators, magnetic, 809 . 

connections, 444, 443. 
dynamos, 13S. 

— in parallel, 148. 
insulators in, 330. 
lighting, 446, 
motors, 676 , 753 . 

— starting and control of, 718 , 873 - 
•parallel coupling fans and lights, 432-4. 

sicnfches for, 306. 

public lamps, 611. 

-repulsion motors, 703 . 
resistance in arc welding, 636, 63^. 

furnaces, 636- 

voltmeter, 107. 

single- phase motors, 700 . 

control of, 731 . 

-•type commutator motors, A.G., 708. 
unnding, 134, 317. 

Serpek process, ammonia, 973 . 

Serra hydro-eladric plant, 216. 

Service data of “ electrics,” 937 . 

— and rolling stock on railways, 877 . 
traction projects, 875 seq, 

— on tramways, 876 . 

“ Service value ” in fans (B.S.I.), 1036 . 
SjBBvioE Lutes — 
cost, 676 . 
deffined, 443. 
general, 443, 48X, 312. 

Setting out overhead lines, 324. 

Severn barrage, 214, 230a. 

Shades, cost of, 3']2. 

— reflectors, etc., 3gg. 

Shaft cables, 819 . 

— signalling in mines, 839 - 
Shafts for lifts, 792 . 

Shaker conveyors, 835 . 

Shaped condudm cables, 31Z. 

Shapers, 775 . 

Shaving-tuceter heat&rs, 631. 

Shears, 775 . 

Sheath as earth return, 482. 

Sheathed cables, 339 (see iTUersheaihs). 

— pUot system, 359. 

IheUac, 73 {Fable 7), J4, 75. 

Ihdl-type transforms, 3g8. 
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^ „ -If; 378. 

Ship auxiliaries, power for, 779. 

Shii? Propulsion, Electric — 

A.C. and D.C. for, compared, 958. 
advantages of, 967. 
au.xiliaries and accessories for, OG-t. 
barges, dredgers, ferries, tugs, 965. 
battleships, 961. 
by towing, 965. 
cables for, 959, 964. 
cascade connection for, 958. 
colliers, 967. 

compared with mechanical drive, 957, 902. 

geared turbine drive, — 

control for, 959. 

connection with, 057, 960. 

dredgers, 965. 
excitation for, 960. 
ferries, 965. 

fuel consumption and economy of, 057 
induction motors for, 968 (see aka “ Motors 
A.C.”). 

low froquonezes for, 958. 
manoeuvring power with, 957. 
master control for, 957. 
passenger vessels, 963. 
reduction-geariizg for, 960, 
reversing with, 957. 
rules and regulations for, 966. 
signalling, ship’s telegraph, 957. 
steam consumption with, 960, 961. 
towing barges, etc., 965. 
tugs, 965. 

turbo- electric, 960. 
warships, 961. 

Ship’s telegraph, 957. 

Shock daTiger in welding, 6^6, 6 ^8. 
from earthed circuit, 482, 
jireoention in domestic heating, etc., 632. 

Short Circuit — 
caused by birds, 915. 
c%LTrent of transformer, jpj. 
forces in transformer, jgS. 
general, 23, 
in switches, 368. 
isolating switches and, 338. 
location, 1026. 
reactance, 370. 
tests, 1020. 


Short-time rating, 136. 

— — of motors, 670. 
Shot-firing in mines, 838. 
Shrinking on tyres, heat for, 638. 


Shunt (Elbotiuo)-— 
current, z 38. 
discharge imlh, 367. 
dynamo, 138. 

— hi 'parallel, 148. 
explanation of, 433. 

-field rheostat, 736. 
ill instrument design, 107. 
resistanc-e, 138. 

-type commutator A.O. motor, 700 
■winding, 134. 

-wound motors, S76 (Tubic I15). 753 («, 
fdso “ Motors, E.C.”). 

for lifts, 796. 

-y* Htartingand control of, 717. 
Shunting looornotivos, 873. 

Shunts in inslriiments, X07, 
bide- and under- running trolleys, 912. 

Side contact rail, railway, 920.* 

pole construotion, tramways, 909, 910. 

oiomons- H alske process, gold, 988. 

Siemens (horn) arrester, 346. 

— •unit, 18. 

Wignalling, dc^otiic, on railways, 933. 

— in mines, 839. 

bigizals, throo-aspect colour, 921. 

Signs, conventional, 7. 

Silica, 73, 74, 83, 

— properties of, 645 (Table g8). 
8%hco(n)-hronze 67 (Table 6), 320, nx 
^ — trolly wire, 909. 

Silioo-mangani'Hc, 079. 

Silicon production, 981. 

— steel, 67 (Table 6), 979. 

trackwork, 902. 

suit, 67. 

— resistors, 617. 

Silk, 73 (Table 7), 74, 80. 

Silo treatment, 852. 

Siloxicon ; silundum, 981. 

Silt traps, 238, 240. 

LSiluminite, 73 (Table 7). 

' Silver — 

energy for melting, 647 (Table xoi). 
extraction and refining, 989. 
melting, Sjg, 647. 

-plating, 994. 

Simla, water problem, 622. 

Simplified unit ” train-lighting, 931. 
oine wave, xx, 30, 330. 

Single-core cable, 3ig, 

Singx^Phase (.yee also “ Alternating current” ; 
J,ran8mission of power 
edtemaior, X34, X43. 
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Single-Phase {mnU) — 
and 3-pha^e compared, 4fy6. 
capacity and charging current, 303, 
comniutator motor, 706 . 
elementary, ll, 
furnaces, 659. 
induction, motor, 689 . 

control, 730 . 

motor control, 730 , 731 , 898 - 
power, iTo. 

railway construction, 91 9 . 
regenerative braking, 900 . 
repulsion motors, 701 . 
series motors, 700 . 

control, 731 . 

skunt-chiaracteristic motors, 706 . 
supply, 464. 

traction type motors, 896 . 

— Kando system, 91 9 - A. 

transformers, 3gg. 
transmission, 2g'j, 299 et seq. 

V. polyphase transformers, J99. 

Single-pole switch, 4. 

Single-way switching, 300. 

Sinking funds, 1012 . 

and loans, 1014 . 

Sirocco fans, 764 . 

Six-phase transmission, 3ig. 

Size of wires, 2gg, 307. 

Shin effect, 38, 135, 3og, 63^. 

in induction furnaces, 63g. 

rails, 905 . 

Slate, 7J {Table 7), 74. 

Sliding scale, 1044 . 

Slip and stroboscope, 123, 

Slip, changing for speed control, 725 - 

— of induction motor, 681 - 
Slip-ring-(s), 133, 671 . 

— induction motors, for lifts, 796 . 

— motors, 681 . 

— polyphase motors, 683 , 

Slipper brakes, 899 . 

Slope of stream bed, 210. 

Blotters, 775 . 

Sludge in oil, 1034 . 

Sluices, 213. 

Snow on, toires, 324, 331. 

Snyder furnace, 640 . 

Soapstone, 74 

SocJcets and wall plugs, 4g2-8, 

Soda, caustic, manufacture, 633. 

Soderberg eledrodes, 641, 

Sodium and potassium production, I2j, 633, 

— gas-discharge {vapour) lamps, 388a-goa. 

— -silicate cemerd, 75. 


paragraphs, not to pages. 

Volume II contains §§ 387-668. 

Soldering, dectric, 631. 

— irons, cost, 3y4. 

— “ Pyrotipf' 63^. 

Sole electrodes, 641. 

Solenoid type starters, 738 . 

Solenoids, 333. 

— in cyc-arc wedding, 666. 

Solid insulators, 'J4. 

— laid cables, 2go. 

Solignum, 86. 

Sources of energy and prime movers, Vol J, 
Chap. 6. 

Southern Railway, Brighton main line, 92 l (2). 

signalLmg on, 933 . 

third-rail, work on, 921 , 

Space occupied by cells, 431. 

Spacing of overhead lines, 327. 

Span and dip of overhead lines, 334, 327, 32g. 
Span- wire construction, 909 , 910 . 

Spare plant, x8g, igo. 

Spahk Gap — 
arresters, 346. 

voltage, y8. 
voltmeter, 105. 
welding, 665- 

Sparhless commutation, I3g. 

Spear and nozzle for turbines, 233. 

Special Acts, 1044 . 

Special orders, 1040 , 1041 , 1043 . 

< — pipes, 230. 

— switches, 374. 

Spboiexcations — 

batteries, 1004 . 
bodies issuing, 1053 . 
boilers, 1009 . 

B.S.I., of transformer, 402. 
cables, 1006 . 
generators, lOOl. 

modd wiring, for deed system, 347. 

— — coTiduit system, 544. 

Trietal conduit, 338- 

iiX)od casing, 336. 

general clauses, 334. 

motors, 1002. 

oil and gas plant, 1010. 
overhead lines, 1007 . 
secondary batteries, 1004 . 
steam, plant, 1008 . 
street lighting, LE.E., 1054 . 
switchboards, 1005 - 
transformers, 1003 . 
water-power plant, 1011. 

Speooto — 

gravity and heal of thermal storage materials, 
627. 
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Speoieio (cont.)— 
gravity/ mid specific hmt of metals, etc., 6y 
[Table 6). ' 

7 “ ^^^ctrolyie for lead cells, 431. 
neat of air, 6xg, 

~ — metals, tic., 643 [Table 08). 
ind.uciive capacity, 46, 60, 70. 
speed [turbines), 2x4, 21$, 333, 

Specific IIiEsistanoe — 
dielectrics, 70, 
earth,” 907 . 
electrolytes, 68. 


metals, etc., 67 [Table 6), 82. 
steel and iron, 82. 

Speed — 

and energy demand in ti'action, 888 . 

— frequency, 123, X35. 

‘ head, turbines, 223. 

mileage of ** eJeotrios,” 9 ;J 7 . 
poles of converter, 4og, 
torque variation, 749 . 

“ 7TtL°i2r““' 

control and braking on ^‘electrics,” 945 . 

— methods compared, 726 (Table 134). 

— on A.C. motors, 699. 

group and individual drive, 748 

lifts, 796. 

shunt motors, 676. 
three-phase commutator for, 687 . 
measurements, X23. 
of cranes, 788. 

— haulage, 831. 

— lifts, 794. 

— motors, 672 (Table 113), 698 (Table 126). 

adjustable, 753. ^ 

— suburban railways, 921. 

— synchronous motors, 679 (Table 117 ) 

reduction for motors, 761 . ^ 

regulation defined, 713, note. 

— of fans, 759. 

<=»l»nl»tiona, 886 . 
specific [turbines), 2x4, 2x5, 233. 
turbines [steam), X43. 
variation by pole changing, 686 . 
of D.C. motors, 716 et seq. 

motors, 761, 762. 

synchronous motors, 722. 
water- wheels, 222, 234, 

Sperry arc lamp, 6x3. 

Spherical candle-power, 380, 381 

machines, 776 

(lables 164 to 156). 

Spiral ca>sing, 233, 

Spirit mmish, 76. 


Split conductor system, 28S, 2go, 3^0 
— -pIuiHfs starting, 689, 690. ’ 

Spot welding), 660. 662. 

Spouting velocity, 214. 

Spring control, go, 

^ — operated fuses, 3y 3, 

Npur.goar for lifts, 793. 

Sguar e-mile foot as unit, 203, 
Squirrel-^i,gc‘ ^notors, 681 (Table 119 ), 

— polyphase motors, 682 . 

— rotor, double, 681. 

I Stabilit, y4. 

Stacking machines, 802 . 

Stainless steel, 078 . 

, Stairways, moving, 804 . 

Stalling torque, 762 . 

I Stalloy, S3. 

STAiJ-DABD— - 
Sriiish KS.A., 5, 1055 . 
candle, 3yg, 

93, 128. 

charging plugs and sockets, 063 . 
conductors, syg. 
frequency, 134, jjj. 
instrument transformer, loS. 
measurements, 93. 

method for resistance of steel rails, 901. 
oil-break switches, 3yx. 
pr^sures [British), 23. 

price and dividend, sliding scale, 1044 

rating, 13b, 

resistance, 20, g 3, xo6. 

station pressure, 134, 

steam pressures, lyo. 

tramway poles, 910. 

trolley wheel and groove, 912 

wire gauge [B. W.G.), 2yg. 

Standing charges, 269, 2y2. 

Stand-pipe, 232, 249, 23X. 

Stannos system, 343, 336. 

Stab-Delta ; Stab and Delta— 
connections, X43, X38, 3x4. 
starter rated, B.S.L, 736, 737 

— cost of, 711 (Table 130). 

— defined, 713. 
starters, 738. 

^^ 72 ^^*^^ starting induction motors, 

transformer, 394. 

Staeting— - 

sories-repnlsion motora, 

703 (Table 126). 
converters, 4x0, 4x3 (a). 
current of squirrel-cage motor, 681. 

, demand, limiting, 744 . 



Sta 


COMBINED INDEX 


Sto 


References are to numbered i 
Volume I contains §§ 1-386. 


Stabthtg (cont ) — 
resistance calculations, 719. 
sheet, in electrolysis, 970. 
torque of motors, Chap. 2l 
lift motors, 796. 

Static coTidenser and power factor, i6o. 

transformer, jgT. 

Station pressure, 23 . 

Statistics — 
agriculture, 844, 868. 
boiler plant, lyo, 
coal cutters, 834. 
dairy -work, 865. 
industrial locomotives, 874. 
mining, 812, 816, 823. 
plant, lyo, 175, igs, igy, igS. 
power, i6s, rps, J95. 
quarries, 842. 

railways, energy used on, 887. 
safety lamps, 841. 
traction, 863, 866. 

Stator-rotor starters, 738. 

Stators and rotors, IJ3, 671. 

Stay wires, 326 , 

Steam (see also “ Boilers ”) — 
accumulators, J77. 

— and exhaust steam in mines, 817. 

— electric traction compared, 894. 

winding compared, 827, 

— water-power compared, 217, 

pumping, 230a. 

-blast sicit-ches, 372a, 
boilers, 170 (see “ Boilers ”). 

— electric, 62^, 
condensers, 175, igi. 
consumption, emgines, 167. 

— in battleships, 961. 

— of geared and electric turbo drive, 966; 

963. 

— turbines, 167, 133. 
cycle, 164. 

-electric winding system, 830. 
fuel and steam consumption, X67. 

MgTb pressure and temperature, 174- 
per hWh in dectric boilers, 623, 
plant, specification of, 1008. 
pressure transformers, 176. 
turbines, 143, 167, 173, J74, iSg, 

— consumption, 167, 173. 

— cost, igs 
Steatite, 74. 

— ard thermal storage, bsy, 

Steel — 

alloys, 979. 
arc furnace, 655. 


phs , not to pag-es. 

V olume II contains §§ 387-668. 

Steel (cont .) — 

JBaily furnace for, 636 . 
conductors, 328 . 

conduit and casing, 338 , 337 , 541 - 3 . 

— cost of, 368 . 

contact \rire on railways, 917. 
core cables, 481 . 

-cored aluminium cables, 917. 
dectrodes, 633 . 

energy for melting, 647 (Table loi). 
for transformer plates, 3 g 8 . 
from arc furnaces, 977. 

— induction furnaces, 978. 
heat treatment of, 97^. 

magnetic and non-magneiic, 8 x et seq. 
overhead wires, 328 , 331 . 
pipes (see “ Pipes, turbine ”), 
plate cutting, 63 g (Table J05). 
poles, 323 . 

properties of, 64 , 82 , 643 [Table gS). 
rails, skin effect in, 905. 
shin effect, jog. 
special, for rails, 902. 
stainless, 978. 

Uink rectifiers, 424 . 
treating furnaces, 646 . 
wires, 331 . 

— constants of, jog. 
works, 778. 

Steeple-type turbo-generators, xg 6 . 

Steering, electro-hydraulic, 963. 

Step-down transformer, 108 . 

for healing, 637 . 

Sterilisers, 63 X. 

Stewpans, 628 . 

Still engine, 17 ^. 

Stirling boiler, 170 . 

Stobie furnace, 640 . 

Stone insulators, 74 , 330 - 
Stone’s system of train lighting, 930. 
borage (see also “ Seoondaiy batteries ’’ 
“ Storage of water ”). 
batteries, speoificatiom of, 1004- 

— by pumping, for power, 230a. 

— flywheel, 761, 753, 828, 829. 

of energy, 230a ; Fol II, Oha/p. x8. 

— of fuel, x68,xg6. 

Stoeagb of Wateb — 

approximations, 202 . a 

as power accumulator, 230 , 230 a-. 
dams and, 223 . 

flow and, on medium head plants, 22g. 

]itigh head plants, 234 (¥t seq. 

mass curves and, 2 og. 

plants depending on, 241 et seq. 
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Stobage of Water {cont.) 

T&gulating, 23g. 

Severn barrage, 2^0. 

Strapping wires, ^02, 

Streams, discharge of, 206. 

Street lighting, 590a, 6og-ij, 

LE.E. clauses for, 1054. 

— railways, 862. 

Strength of poles, 325, 

Stress (see Breaking stress ”). 

String electroscope, g6. 

— galvamymeter, gd. 

Stroboscopes, 123, 2x5, 

Stroboscopic meter testing, 1035. 
Stubbs-Perry winding system, 830. 
i^ub~aivided circuits, 524. 

■■ ' I'-B.B. rule as to, 523. 

— lights, 50X. 

Submarine cables, igS, 2g2, 32g, 

— lifting magnets, 806. 

Submarines and Diesel drive, 960. 
Submerged pumps, 826. 

Submersible motors, 670. 

Sttb-Stations — 

automatic, 428. 

cost of, 926. 

description, 426>8. 

efficiency of, 426. 

for traction, 869, 893, 916, 918. 

on G.I.P. Eailway, 916, 918. 

outdoor, 381. 

types of, 42y. 

Suburban railways, 866. 

— description of, 915, 916. 

third-rail, 921. 

Suction {producer) gas, i6g. 

— head, 214, 218, 220, 212 5?? 

SulpJiation, 432. > “ j* 

Sulphur, 7j {Table 7). 

Sulzer engine, ig2. 

Summation meters, 1x6, 

— panels, 385. 

Summer time, 6x2. 

Sumpner wattmeter, xog. 

Sunlight, 5gg, 604. 

Sun~power, 165. 

Superheated steam, xgo. 

Superheating, xgo, 132, xn 4 
‘‘ ” <moy, 57 (Tabu tfl. 

ouper-synchronous motors, 698 
S^viso^ control sub-stations, 869 
SriPFXY, Electbic— 
charges for (see Tariffs 
disconnection of consumer's, 512. 
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§ 1 Voliujio J I ooulaiiiB §jj 387-6(js. 

Eleotrio {coni.)~^ 
in relation to motors, 754 . 
interruptions to, 355. 
meters, 1x3 ot naq. ' 
systems of, Vol U, Chap. 20. 

— — for traction, 86 G et seq, 
ourface condenser, XJ5. 

velocity of .stream, 206, 210 
SUBGE(s), 45. 
lightning, 346. 
switching, J4g. 

Surge absorbers, 346. 

— arrestor, 42X. 

tariks and towers, 232, 24g 2<^x 
Suspension and insulation nf trolley wire 9 li 

— insulators, 330. ^ ' 

of mine cables, 819. 

Suir ILB. plant, 214. 

(Standard Wire Qame), 270 
SwiroHB0Aitn(8) (seeal^a “.S«.itohr” below)- 
.md^witchgcar, Vol. I. a].^. ^5, 

cost of small, 530. 
defin&Z, 4. 
outdoor, 921 (2). 
rules as to, 3S2. 
specification for, 1005. 

SwiTCHRS — 
all on one jmle, 4gg. 
all or pari, 50X. 
ami accessories, Chap. 2x. 
automatic, 5oy. 
branch, 50’]. 

Calvete tele-switch, $05. 
charge am? discharge, Iqx 
<^>dof, 5 yo, 57 x. 
general, 362 et seg. 

LB.B. rules as to, 508, 5x0. 
in earthed conductor, 4gg, 

T ^'^'^^^tions, 534 {XT), (xd). 
intermediate, 502, 503. 
lampholder, 486, 4g2. ' 

Lsindberg, 502. 
master control, 504. 
m,iscellaneou8, 505. 
multiple, 503. 

967 qH j>q^^ 

— tests for, 1034. 
pressed, 50^, 
ratings, jdg. 
se.ries-paraUel, 506. 
single-way, 500. 
fipecial types, 505. 

-stoer, B.S.I. definition of, 736. 
subdtvision of, lights, 50X. 
surges in, J4g, 
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Switches {cont ,) — 
three-point, S03, 
time, 622. 
iwinob, 5or. 
two-way, $02. 

Switching tranaienis, 400, 40J. 

Symhols, conventional, 6. 
Synchronous-asynchronous motors, 696. 

control, 731. 

Syn-ohbonous — 

A.G. boosters, 411. 
alternators, 143, 
condenser, 679. 
motor-gemrators, 388, 42$. 
motors, 679, 680, 753 {see also “ Motors, 
A.C.”). 

— and power factor, i$6, i$8, 160. 

— industrial applications of, 679 (Tabh 

118). 

— speeds of, 679 (Table 118). 

— starters, 738. 

— starting and control, 722. 

— two- pole, 722. 
speed and frequency, 133. 

Synchronising, 14^, 321. 

Synchronous-repulsion motor, 705. 
Synchroscope, X4g, 38$. 

Synthesis, electrolytic, 995. 

Synthetic — 
insulators, 34. 
resins, 75. 

Syntony, 43. 

“ System ” defined, 4. 

Systems of — 
distribution^ choice of, 434. 
supply, Vol. 11 , Chap. 20. 

— approval of, 1047. 

— for traction, 866 ei seq. 
train lighting, 929 et seq. 
winding, 827 ei seq. 
wiring, Vol. II, Chap. 23. 


J, ABLE lamps, cost of, $32. 
Tables, list of, xi. 

Tail race, 233, xi. 

Tdc, 34. 

Tandem jonills, steed, 778. 

— worm-drive for lifts, 793. 
Tangent galvanometear, p6. 

Tanh arrester, 346. 

Tantalum, 63 {Table 6). 

— alloys, 979. 

— lamps, $83. 

Tap-changing in transformers, 3^$. 


paragraphs , not to pages. 

Volume II contains §§ 387-668. 

Tapping overhead lines, 324. 

Tappings on transformers, 3g$. 

Tariffs fob Electric Supply — • 
according to room areas, 233. 
and costs, Yol. I, Chap. 12. 
and power factor, 234. 
examples, 23$. 
fixed charges per hw, 232. 
fiat rates, 230. 
for agricultural supply, 860. 

— battery charging, 960. 

— traction, 925. 

— welding load, 667. 
general, Chap. 12. 

Glasgow, 233. 
maximum demand, 232. 

Metropolitan, 233. 
minimum charges, 231. 

Norwich, 233. 
point-five, 233. 

power factor and, 234. 
ratecible value, 233. 
restricted hour, 232. 

*' telephone^' 232, 233. 

Wright's, 232. 

Tamac alloy, 63 {Table 6). 

Tar oils, i6g, 138, 180. 

Tarpon paper, 34. 

'ea-jiring electrically, 6ig. 

Tee-connection in transformer, 3g4. 

Telegraph, ship’s, 957. 

— and telephones, interference with, 403, 
908. 

^BLBPHOKES — 

general, 33$. 
loading, 82. 
in mineSi 839. 
interference, 403, 908. 
loading, 82. 

localisation, of cable faults, 1032. 
system of charging, 232, 233. 

’’de-switck, Ccdvete, $0$. 

'empebatube 

aibsodute, 166. 
and colour, 646. 

— consumption in industrial healing, 63$. 
coefidcimt of carbon and tungsten, 583. 

electrodes. 641. 

— copper, 62. 

dectrolytes, 68. 

metals, etc., 60, 61, 66. 

did&dric loss and, 312. 
electrical measurement of, 122. 
errors of instruments, g2. 
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Tempbeatuee (cong.) 

m and motors, 670 (Tables 

— mining motors, 818. 

— ovem and f urnaces, 63s {Tahle. n6n). 

Ivm/its, insulators, So, 

machine, mean, 122, 
of arc furnaces, 640. 

T and altitude, 402 

nsR, cables, 2gi. 

~ “'P- motors, 070 (Tabic 

— overhead line, 32S. 
standard rating and, X36, 

— switches, 36g. 
regulation infu,rnaces, 636. 

3 j[>ecific resistance and, ni, ' 
steam, lyo, xj2, 134. ’ 
tests, 1024. 

Tempering, electrical, 646. 
tenoning machines, 775. 
rm»li sirmgih oj rMitCk, etc., 67 (TM, O) 
congestion on railwyn! 866 
insulator, 330, 

marJdngs of motors, 671. 
stags, 326. 

wMng in trafuformer, 704, w6 
TMcan system ot ploughing, 861 ' 

Ma transformer for toting. 1033. 

Testers, earth, ixg. 

Tests: Testing — 
cable, 1027 et seg. 
constants in meters, 1035. 
crying out for, 1018. 
earth, 1037. 

— plates, 348. 
efiioiency, 1021. 
fans, 1036. 

faults, 1026, 1032, 1033. 
flame-proofness, 812. 
heating, 1023. 

Hopldnson bach-to-back, 1021. 
mduction motors, 1020. 
i^taUation wiring, 334 (9), 1037. 
insulation, 1018, 1029. 
insulators, 330, 1033. ' 
lead cells, 432^ 
jive cable systems, 1331. 
loads on standard poles, 910 
loop cable; 1032- 
meter, 1035. 

1001. 

no-load, 1019. 
oil, 1034. 

open-circuit, 1019, 1032 


Imhth: Testing 
porformanco, 1017. 
regulation, 1022. 
rotary-oonvertor, 1021. 

sets, xoQ, 

.short-circuit, hxjatioa of, 1026 

— machine, 1020. 
toinporature, 1024. 
transformer, 403, 1020, 10.35. 
turbo-alternator, 1021 

Varloy, IO32. 

wiring 4md iastfUIation, 1037. 
Thallium, 67 (Se 

Therlo alloy, 6y {Table 6). 

Therm, 48, ij8, 

Thbbmai^ 
cond'aalivity, 83. 

in hot-pUUa, Ojo nole. 

-ZT’'’ rS3, m, rgx. 

internal com/mstion engines, too ^ 

— turbines, 1^3, * 

■7- of water heating, 621. 
instruments, 8g et seg. 
relay protection, 74.3. 
storage, xgy. 

and water-power, 6x3. 

— heaters, cost of, 3^4, 

*— maximum demand indicator, 1x7 
* systems, 62X, 62y. * 

Thermionic valves, 418 et seg. 

— for motor control, 743. 
generator for inducMon furna 

Thermo-mimeter, gg. 

Thrnno-o^les^ 89, gg, i,s, isg. 

— in heat runs, 1023, 1024. 

J-iiermometer tests, 1024. 

Thbrmostat(io)— - 
control, 6x3, 6x8, 620, 636. 
of furnaces, 636. 

' industrial heating, 634. 
rp, room heating, 620. 

■UieroL thermal storage, 627. 

' ThArdT'" 248, 24g. 

T/nrd har^mos in transformers, 3g4. 
Third-rail system, 920 et seg. 

— collectors, 920. 

^homas transmission, 953 
jh^pson watt-hour meter, xik 
Three-core cables, jxx. 

Three-electrode " PoZlolite,” coo 

~ mhee, 4S0, 424 
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Thkee-thase (see also “ Alternating currents, 
3-pliase”) — 

and single-pTictse comparedj 4y6, 
auto-transformer, 3g6. 

commutator for power-factor correction, 
687. 

— motors, 707, 708, 709. 

control, 735. 

induLction motor data, 681 (Table 119). 
locomotives, 872. 
motors for lifts, 796. 
railway construction, 919. 
supply, 46s-']. 

to one-phase transformation, ^94- 
transformer, 294- 
Three-pin sockets, 4^2. 

Three-vmuding transformer, 3g4. 

Tkree-unre V.C. system, 4, 461-3. 

— syst^ in cooking, 632. 

— 3-phase supply, 466. 

Throw-over switch, 363. 

Thury system, 28g, 2g4, 3iy. 

■— — [Kenotron as svhstituie), 4ig. 
Thyratron, 420. 

Tidal power, 230. " 

Tilling-Stevens vehicles, 963- 
Tirhber preservation, 86, 323, 

Time element fuses, 342 et seq. 

relays, 344, 357 et seq. 

— switches, 2y2, 372, 3^4. 

for water healing, 622. 

Tin, 65, 67 {Tabu 6), 127, 342. 

— fuses, 342. 

— properties of, 643 {Table g8). 

— recovery, 993, 

Tinning on copper, 282.. 

— test, 325 note. 

Tirril regulator, 147, x6o. „ 

Titanium alloys, 979. 

Toasters, 628. 

— cost of, $74. 

Tools, machine, 775. 

— portable, 774. 

Top-contact rail, 920. 

Torda type motor, 688. 

“ Torevf' 30. 

Tork ’* (Parkinson), motor, sing 
689, 691. 

Torque — 

and speed variation, 749. 
high-starting, 763. 
in crane and hoist motors, 787. 

— magnetic clutches, 808 and Table 176. 

\ of lift motors, 796. 

\ — motors, 669, 672 (Table 113). 

single-phase motors, 689. 

^ ‘ VOUi, XII, 


Volume 11 contains §§ 387-668. 

Toequb (coni .) — 
of steel mills, 778. 
stalling, 752. 

synchronous motors, 679. 

Totally-enclosed, motors, defined and classified 
4, 670. 

in mines, 818. 

Tough ruhher compound (O.T.S.), 74, 
Tourmaline, 130. 

Towel-heating rails, 631. 

Tower-type cranes, 789. 

Towing, electrical, 965. 

Toton gas, 178. 

— refuse as fuel, 168. 

Track-circuiting for signals, 921, 933. 

Track equipment, cost of, 926. 
Trackless-trolley vehicles, 954. 

Track rail resistance, 903. 

Track-sectioning cabins, 918. 

cost of, 926- 

Traok, tramway, cost of, 925- 
Traction* (Chaps, 34, 35) (see “ JBIectric trac- 
tion ” ; “ Bailways ” ; “ Road vehicles 
electric ” ; “ Tramways ”). 
motors (see “ Motors, traction”), 
power and energy caJcuIations for, 878 et 
seq. 

sheave for lifts, 793. 

Traction cells, 938. 

capacity of, 940, 941. 

discharge rate of, 941. 

lead and nickel, 939. 

Tractive coefficient, 879 et seq. 

— effort, 890. 

— resistance, 891. 

on roads, 946. 

Tractors, electric, 951. 

— for farms, 851, 864. 

ploughing, 861. 

JuraMc and energy data, 887 (Table 190). 

— control on railways, 933. 

Train lighting systems, 927 et seq. 

Dick, 932. 

dynamos for, 929 et seq. 

Mather and Platt, 931. 

Stone, 930. 

Trains, multiple-unit, 871. 

Tramcars, 870 (see also “ Tramways 

— cost of, 925. 

Tbamways, Electsic (see ai^o “ Electric 
traction ”) — 
bonding on, 903, 925. 
boosters for, positive and negative 906. 
bow collectors for, 912. 
brakes and braking, 899. 

B.S.I. standard rails, 901- 
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TitAMWAYa, ISleotbio {cont .) — 

U.SJ, tmokwork, 901. 
cars for, 870, 92d. 

centre, side and span construction, 900. 
comparison with buses aaid trackless, 964. 
copper in line feeders for, 923. 
cost of, 925. 

current collection on, 912. 
earthed and earth returns, 903. 
electrolysis on, 907, 
feeders, main and line, 923. 
flexible suspension on, 910. 
guarding on, 909. 
insulators for, 911. 

“ interference,” 908. 
motor buses and, 954. 

motora and rating, 895 see “ Motors, 
traction.” 

overhead equipment, 909. 
permanent way and return circuit, 901 
poles and brackets for, 910. 
power and energy used in, 889. 

— supply to, 868. 

pressure drop on return circuit, 903. 
rails, 901. 

regeneration on, 900. 

regulations as to, 899, 901, 903, 908 909 
912, 1062. 

return circuit on, 903. 

— feeders and boosters, 906. 
rolling stock and service on, 876. 
side and span construction, 909. 
supply of energy to, 868. 
track, cost of, 926- 

trackless, 964- 
trolley wire, 909, 911. 

— buses, 964, 

Tramways, motor buses and trackless veliioles 
compared, 964. 

Transformation wnd conversion of energy^ 
Vol. //, Cho/^. ig. * 

TllABSEORMBRS ; TbaHSEOBMINO 

air-cooled, 400, 

arrangements in 3-phase commutator 
motors, 708- 
mto; 4g6, 4'jg^ 595. 
boosting and hitching, 142, 
crmnecLicms, 3^4, 397. 
constant-current, 403. 
cores and coils, $g8, 
current, 108, 384, 403. 
data for rural lines, 846. 
double-wound, house, 
efficiency of, 40 j, 423, 
elementary, 33 et seq., .?px. 
for cortcentric wiring, 4gQ, 


Volume II contains 387-668. 

Teansformbrs ; Tran-seorjvurg (cont 
for resistance welding, 660. * ^ 

frequency of, 133. 
harmonics in, 4oy. 
home, 4yg. 
in Falco cooker, 62cj, 
insulation and cooling of, 400. 
in, welding, 66y. 
line calculations and, ji j. 
location of, 404. 
losses in, jgi, 3^4, 401. 

■no-load losses of, 3^4. 
oil for, 77. 
oil-immersed, 40 j. 
oil tests, 1034. 
outdoor, 481. 

polarity and parallel operation of, J07. 
potential, 108, 384, 40 5. 
potmr factor and,, 136. 

— _ — of open delta, jgg. 

primary and secondary current in, jgi, 

principle of, jgx. 

rating of, 136, 402. 

regulation of, JQ2. 

Scott, 3g4. 

short-circuit current of, ypj. 

— tests of, 1020. 
special types of, 403, 
specification for, 1003. 
step-down, for heating, 637. 
tap-changing, 3^3. 
tappings on, 3^3, 63O. 
testing, Chap. 40 passim, 
transients and harmonics in, 400, 403. 
variable tappings in, for furnaces, 636. 
voltage control of, 3^2. 
water-cooled, 400. 
weight of, 401, 

Transients, 400, 40 j, „ , + f '' 

Transit oil, 77. 

Tranmnission line define, 440. 

cost of, 218, 332, 334. 

Transmission, mochanioal, on ships, 967. 

— from motors compared, 761. 

Transmission of Power ^see also “ Overhead 
lines ”) — ' 

cduminium conductors for, 308, 324, 328, ^31- 
bronze conductors for, 331. 
by rural Lines, 846. 
cables for, 3x0 et seq. 

Q.O. and A.C. calculations, 2g4 et seq. 

control and. Part 111, 

copper conductors for, 3oy. 

cost of, 2x8, 332, 334, 926 . 

for traction, 867. 

h(df- and quarter-wave, 3x8. 
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TBAsrsMissioiir of Power {cont .) — 
high pressure, 315 et seq^. 
lines, cost, 21S, 334, 926. 

— and frequency, J55* 

— parallel, 321. 
six-phase, 3ig, 

steel conductors for, 3og, 
waier-power a/nd, 21']- 

Transport, Minister of (see “ Minister of 
Transport *’). 

Transporter cranes, 786, 789. 

Transposition of telephone wires, 335. 
Transverters, 414. 

— efficiency curve of, 423. 

Travelling cranes, 786, 789 (Table 168). 

Tree system of wiring, 5x5. 

Triangular notch measures, water, 20$, 
Trickle-charging of batteries, 921 (2). 

Triode valves, 420, 424. 

Trip-coil, 343 et seq. 

— mechanism, 332- 
Triple expansion engines, IJ2. 
Triple-synchionons motors, 698. 

TSOIXiEY — 

buses, 964. 

locomotives for mines, 832. 
poles and wheels, tramway, 912. 
suspension and insulation of, 91 1. 
wheels on railways, 913. 

-wire system, tramways, 909. 

— copper j silioo-bronze, 909. 

— guarding, 909. 

Truck type switchgear, 380. 

Trucks, dlectric, 951. 

True and apparent power, 56. 

“Tru-watt” Oroiupton-Burge induction motor, 
697. 

“ Tube ” railways, 904. 

TvJbes, heating electrically, 63J, 643, 

Tubolite, 386. 

Tubular pol^, 323. 

Tudor accumulator, 432. 

Tugs, electrical, 9^. 

Tumbler svdt/di, 363, 

Tungar rectifier, 4ig. 

Ttxngsten — 
alloys, 83. 

arc-incandescent lamp, ygy, 5pp- 

— {open type), sgsa. 
filament lamps, 3S3, 599. 

efficiency of, 583, 

for furnaces, 636. 

properties of, 63, 6y {Table 6), 643 {Table g8). 
steel, 63, 979. 

temperature coefficient of, 383, 

Tung Slone accumulator, 431 note. 


Volume II contains §§ 387-668. 

Tunnelling for water-power, 228, 242. 

Tunnels and overhead lines, 914. 

— effect of, on life of rails, 902. 

Turbines, gas, and oil, lyg, 183. 

TuRBrNBS, Steam — 

engines compared with, i8g. 
exhaust steam, iy3, 963. 
general, 173, 174. 
specification for, 1008. 
speeds, 143. 

steam consumption, 16 j. 

Ttjebines, Water — 

Banhi, 233. 

general, 182, 201 et seq.., 214^ 

Girard, 233. 
governors for, 236. 

Kaplan, 213. 

Nagler, 2x3, 

Pelton wheel, 203, 2x4, 2x3, 2 38, 233, 
propeller type, 2x4. 
specification for, 1011. 
specific speeds, 214. 213, 233. 
speeds for driving alternators, 234. 
Turbine-driven ships, 967. 

Turbine pumps, 768, 770. 

Turbines, exhaust steam, Bauer-Wach system, 
963. 

Turbo-alternators, 143, 146, 173. 
Turbo-alternators, testing by wattless loading, 
1021. 

Turbo-electric and Diesel-electric ship pro- 
pulsion, 960. 

— locomotives, 873. 

— warships, 961. 

Turbo-generators on railway stock, 929. 
Turn-down lamps, 386. 

Turpentine, 33 {Table 7). 

Two-electrode FointoUte, 3^7, 

— valves, 4ig, 

Two-phase, 16, 

— transformers, 3g4. 

Tioo-pin sockets, 4g2, 

Two-pole synchronous motors, 722. 

Tivo-rate meter, Jx6, 

Two-wattmeter method, no. 

Tivo-way switches^ 302. 

Two-wire D.O. system, 460. 

Type of motor, choosing, 753. 

Types of coal cutters, 834. 

filament lamps, 383. 

instruments, 8g et seq. 

Tyre-heating, 638. 


C/ LBRICHT sphere, 381. 
Ultra-violet light, 3y8, 638. 
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Ultra-violet ray protection in welding, 555. 
Unbalanced A.C. circuits, no. 

Under- and side-rimning trolleys, 912. 

— -contact rails, 920. 

Undeegeound — 

distribution in mines, 819. 
motor rooms, 825. 
service lines, cost, 575. 
switchgear, 822. 
transmission, Vol. I, Chap. 14. 
ventilation, 824, 825. » 

Under-run lamps, ^ 83 . 

“ Undeetakers,” Electric, 1040 et seq. 
and supply, 26S, 4.6^. 

— wayleaves, 322. 

Under-water cables ^ 32g. 

— cutting, electric, 659. 

Vniflow engines, iy2. 

Uniform speed on level, power for, 880. 
Uninsulated defined, 4. 

— returns, 903, 904, 907. 

Units — 

absolute and practical, x. 
and definitions, Vol. 1. 
generated and sold, 26g. 

{Kelvin, hilowatt-hours (JcWh) ; {B.O.T. 

units), 52 / see also Energy consumption), 
photometric, ^80. 

Universal ” fractional H.P. motors, 710. 
Unlivin' 8 hydraulic coefficients, 206, 

Upset butt welding, 661. 

Uranium alloys, 979. 

Urns, 624. 

— coat of, 3y4. 

U tilisation factors, 60^. 

— of primary energy, 747 (1). 

V ACUUM— 
cleaners, 756. 
cost of, 373. 

— flexibles for, 555. 

-- wiring for, 525, 330. 
impregnation in, 76. 
in- mercury vapour rectifier, 423. 
turbine, 174. 
valves, 418 et seq. 

Valve rectifiers in cable tests, 1028. 

Valves, therrnwriic, 418 et seq. 

for control, 743. 

vacuum, 418 et seq. 

Vanadium alloys and steel, 979. 

V argon H.-E. plant, 2x4. 

Vaeiable — 
heads, wader, 223. 

75, 142. 
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Variable icont ,) — 

-speed driving, 753. 

induction rnol-orH, 670, C94 7ot) 700 

729. ’ 

motors, 670. 

synchronous motors, 722. 

Varlcy loop tont, 10.32. 

Varlej/s method for phase sequence, X50. 
Varnish, diehclric, 73 {Table 7), 76, ogl 
Varnished tape and cloth, 74 . 

Vve curves, 079. 

~ -groovi^ for lifts, 79.3. 

V mhioleh — 

electric road (see “ Road Vehieh's 
electrical equipment of, 927. 
heating and ventilation in, 928. 
powt‘r generation in, 929-932, 
trackless-trolby, 954. 

Velooiti — 

and pressure of whid, 324, 32Q, 341. 
head in fans, 764 note. 

pumi)s, 770. 

in pipes, 232, 24^. 
of approach, 203. 

— streams, 20$, 210. 
spouting, 2x4. 

Vehx boiler, 170. 

Ventilation in. mines, 824. 

— of generators, X46, 336. 

— ships, 963. 

— ■ underground motor rooms, 826. 

— vehicles, 928. 

Vermork plant, 243. 

Veitical and horizontal motors, 761. 

Vibrating reed rectifier, 416. 

Vibradon galvanometer, gO. 

Virtual values, 2g. 

Viscosity of oil, 1034. 

Vitreous insulators, 774. 

Volt, 2, 3, 8, 17 (see also Pressure" ; 

“ Voltage ”). 

— -ampere, 133. 

— average and maixirtmm value, 30, jr. 

— drop in mercury vapour rectifier, 422. 

— effective or virtual, 2g. 

— international, value of, 2. „ 

Voltage {see also “Pressure, Bleottto’’; 

“Volt”)— 
abnormal, 343 et seq. 
and current in all systems, 468, 

— torque of induction motor, 681. 
boostmg, 142, 38g. 

-control, for speed variation, 716. 

— of converters, 41X. 

transformers, 3g2, 595. 

-current Characteristics of arc, 6377. 
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VoLTA-GB {cont ) — 

decomposition, electrolytic, 970. 
drop in rails, jSg. 
efficiency in electrolysis, 970. 
for cable testa, 1027, 1028. 
of cells, 430, 431 , 434. 
ratio of converters, 4og. 

transformer, sgi, 3g4. 

regulation and power factor, J55. 

— in mercury-vapmir rectifier, 422, 

— of alternators, 14'J. 

— of transformers, 3g2, 3 gs- 
regulators, 14'j, 160, 33g. 
resonance, 350. 

variation speed-oontrol, series motors, 718. 

— of, in vehicle lighting, 927 d seq. 

VoU-hox, 95, J07. • 

VOLTMETEBS — 

electrostatic, 103, 104, loy. 
general, 97-100, 385. 
hot-wire, gg. 
recording, g3, 97. 
spark-gap, 103. 
synchroscope, I4g. 

Volts lost in cables, 24, 286. 

Volume, speed, pressure of air, 764, 765. 

Vorce cell for caustic alkali, 984, 

Vulcanised — 
bitumen, 74, 283, 28^. 

— cables in mines, 819. 
fibre, 75 {Table 7), 7^ 
in4ia,rvbber, 74, 

— ctbles, 283, 28'], 

Vulcanite, 75 (Tceble 7), ^4. 

AGE-EAENERS and power statistics, 
780. 

Wages, power-house, xg4, 26g. 

WaH-Jcall wirmg system, 552. 

Wall-papers, reflexion from, 600. 

WaZls in installation, 334 {14), (jy). 

Wall sockets and plugs, 4g2-4g8, 334 (J7). 
cost, 371. 

Horde Office pattern, 4g4. 

Ward-Leonard control, 716, 827, 829. 

— in mines, 827. 

— of motors, 716. 

Warming of rooms, 6ig. 

Warship auxiliaaies, 964 (sec “Ship propul- 
sion ”)- 

— turbo-electric, 961. 

Wash-houses, heating in, 632. 

Washing coal, 837. 

It— machines, cost, 373. 


Volume II contains §§ 387-668. 

Waste — 
gas as fuel, 168. 
heat utilisation, 176, 188. 
of energy, determining, 747 (3). 

Water (^ee below “Water Storage and 
Power”) — 

and thermal storage, 615, 627, 
arc cutting under, 659. 
circulating, 173. 
constants of, 202. 
cooled generators, 146. 

— transformer, 400, 
data as to, 768. 
discharge through pipes, 768. 
electrolyte, 6g. 
evaporation, 30, 52, 33. 

gas, 178. 

— production, 985. 
glass, 983. 

-hammer in turbines, 214. 

heaters, cost, 574. 

heating, electrically, 621 et seq_. 

and time switch control, 622. 

jei arrester, 346. 

-pipes, friction in, 768 (see also “Pipes, 
turhine ”). 

-proof lampholders, 486. 
pumping and coal raising, 826. 
pumps, 767 et seq. 
supply for farms, 863. 
tight fittings, cost, 372. 
tube boiler, 170. 

Water Stobaoe and Power — 
and dectric heating, 615. 

— tea- firing, Sjg. 

— thermal storage, 613. 
automatic plants, 187, 
balancing reservoirs, 240. 

Borin* s formula, 210, 2ri. 
bends in rivers, 228. 
canal falls, 218. 

canals and forebays, 231. 
combination of falls, 227- 
consumpiion, low head, 222. 
cost of, 2x6, 230. 
cusec, 23, 201. 
discharge of shtiees, 213. 

— of streams, 206. 

economics of steam and water power, 2x7. 

-falls, 226. 

flow and storage combined, 243. 

— on high fcdd^, 233. 
forebays, 23X, 243. 
general, Chaps. 8-10. 
governors, hydraulic, 233, 236. 
head, 20 j, 218-33, ^47' 
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Water Storage and Power {conL ) — 
lieadworhs, 236. 
high falls, Ghap. 10. 

Kelvin's law and, 333. 
level recorders, 208. 
low falls, 218-23. 

Manning's formula, 212. 

mean and surface velocity, 206, 210, 

measuring flow, 203 et seq. 

medium falls, 224-233. 

meters, current, zoj. 

nozzles, 233. 


open channels, 211, 212, 23^, 

Pelton wheels, 203, 214, 2x3, 23S, 233. 
pipes and joints, 232, 246 et seq/ 
plant, specification for, 1011. 
power and head, 20X, 223. 
pumping in conjunction with, 2 30a. 
rainfall, gauges, and run-off, 204, 24T. 
rating of rivers for, 1058. 
regulating storage, 23^. 
regulation of impulse wheels, 255, 236. 
reservoirs, halancing, 240. 

— main storage, 244. 
rivers, low fall, 2xg. 

— rating of ,20 g. 

Severn barrage, 230a. 
speed of turbines, 234. 
standard rating of rivers, 2og. 

Steam v. water power, 2ig. 

storage, 202, 2og, 223, 22g, 230, 230a, 23- 
et seq., 241 et seq. ' ’ * 

surge tanJcs, 232, 231. 
tail race, 23^. 

thickness of pipes, 248, 24g. 
tidal power, 230. 

turbines, 282, 201 et seq., 214, 2x3, 233, 256 
variable heads, 223. * 

watershed crossings, 242. 
weight of pipes, 248, 24g. 
wood-stave pipes, 230. 

Waterproof lampholders, 486. 

Watkin switch, 386. 

Watt{s) — 

and lumens, 3y8. 

— power factor, 133. 

wattless component, ijo, iin 134. (Set 
below ‘'Wattless.”) 
candle-power and lumens, 382, 383. 
definition and elementary, 2, 3, 4S-30. 
equivalents, 2, 48. 
kilo (see “Kilowatt”). 

-meters, 97, jop. 

per cubic foot for heating rooms, 6 tq 
Watt-hoxi^; — 

efficiency of cells, 431, 434, 


Watt-hour, eqitivalmls, 32. 

meters, 97, jj ;, X13, 3S3. 

Wattless component, xio, xxy, 134. 
Wattlesh (Iurrenth — 
and tariffs, 234. 
centralised production of, x6x. 
general, jy. 
in cables, 312. 

Wattmeter for cable meiiHun'.s, 1030.’ 
Wave form, 30. 

Wave-lengths in spectrum, 3yS. 

Waxes, insulating, 7./. 

Wayleaves, 322. 

Wear of tramway rails, 1)01. 

Weather-proof transformers, 403. 

Weaving nuuOiiiuny, ootton, 776 (Tables, 155 
15G). 

Wedge drive for lifts, 703. 

Weight — 

and fuel consumption of ship drives, 967. 

— 8p<‘(Hl of fractional H.P. motors, 710 ; 

(Table 127). 

of accumulators, 430, 431. 

— air, 6ig. 

— batteries, in “ tdcctritss,” 1)38. 

— Clipper wire, 62, joy. 

— electric irons, 631. 

locomotive, 919a. 

— metal deposited in arc welding, 632, 634. 

— oil switches, jyx, 

— secondary cells, 430, 431. " 

— stool rails, 1)01. 

— tramway poU-s, 910, 

— transformers, 401. 

— water pipes, 248, 24g. 

Weir OommittiH*,” traction, 1041. 

Weir, discharge of, 203. 
r— fioaiing, 244. 

Welbourn's construciion, 303. 

Welded and riveted pipes, 2 48, 

Weldino — 

andcutting, Chap. 2y(see also “Arc welding”). 
arc, 630-6, 

as central station load, 66y. 
butt, spot, seam, 660-2. 
cyc-arc, 666. 

Jbaysoiim, 63y. 

electrodes for, 632, 633, 65y. 

percussive, 663. 

premier, 63y, 

railbonds, 903. 

resistance, 660-4. 

safety in, 636, 638. 

spark or electro-percussive, 663. 

.spot, seam, etc., 660-2. 
with metal electrodes, 632, 63y. 


918 



Wes 


COMBINED INDEX 


Wir 


References are to numbered paragraphs, not to pages. 
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Westinghouso lift control, 797. 

WBST02T — 
cdl, 128. 

frequency meter, 112. 

^synchroscope, 149^ 

Wet galvanising, 994. 

Whalebone paper, 'J4. 

Wheatstone's bridge, 97, 120, 348, 

AVlieel brakes, 899. 

WMte lead, OSS'. 

Wicket gate, 221. * 

W ild~Barfield furnace, 646. 

Wild frequency changer, 112. 

Wilkinson “ clwuivge-circuit ” system, 264. 
Wilmshurst^s rule for heating rooms, 619. 
Wimshurst machine, 131. 

Winches and capstans^ electric, 791. 

Wind power, 1S3. 

— pressure, 324, 329, 331. 
velocity and pressure, 324. 

Winding for lifts, 792, 793. 

— drums for lifts, 793. 

— in mines, 827 et seq. 

Windings {coils, etc.), X33. 

■\V’‘ire ropes for haulage, 831, 

Wireless, 4J, 

— detectors, qig, 

WrEES AND Cables {see also “ Cables ” ; 
“ Conductors ” ; “ Overhead lines ”) — 
aluminium, 290, 324, 328, 331. 
and poles, 324 et seq. 
hare, 4. ^ 

bronze, 331. 

copper, 2ryg et seq., J07. 

earth, 34^. 

flexible, 284, 280- 

fusing cwrrervts in, 342, 

gauge, 279. 

general, Chap. 13. 

hard-drwwn copper, 307. 

heating electricdllyf, 637, 643, 646.. 

— in oil bath, 6^. 

overliead (see “ Overhead wires ”). 
pUot, 33g. 
steel, etc., 331. 

WmiifG, House — 

and control of circuits, Vol. II, Ghap. 22. 

— and safety in healing and cooking, 632. 

T- branch circuits. Chap, 22. 

— capacity of conduits, 341. 

— cost of, 363, 366. 
details, 326 et seq. 
diagrams, 519. 

model specif^ion for (see “ Bpecifkation^*). 

N ot buildings, testing, 1037. 
l^ns, 531. 


Volume II contains §§ 387-668. 

WuulNG Rttles (I.E.E. Eegulations for) the 
electrical equipment of buildings — 
accessories, 362. 
accumulators, 43X. 
arcing, 362. 
arc lamps, 39^. 
armoured conductors, 557. 
bare conductors, 361. 
base blocks. 555. 
bathrooms, 362. 
batteries, 43X. 
branch switches, 507. 
hunching, 337. 
cable runs, 362. 

— socket, 362. 

cables and wires, jSo, 283, 283. 

~ and flexible, 283, 313, 525. 
cab-tyre cable, 283, 531. 
casing, 337. 
ceiling roses, 49X. 
deeded wiring, 348. 
comenlric wiring, 360. 
oonerde, 362. 
conductors, 313. 
conduit system, 341, 343. 
connectors, 498. 
conirol, 3x0. 
cooking, 633. 
damp places, 362. 
definitions from, 4. 
distr^ution hoards, 3x7. 
earthing, 362. 
extensions, 362. 
finings, 484. 
flexible cords, 283, 323. 
general, 362. 
heading and cooking, 633, 
incandescerti lamps, 387. 
in model toiring specification, 334 {x), 
installation testing, 1037. 
joint boxes, 498. 

Joints, 488, 362. 
lampholders, 487. 
lamps, 387. 
lifts, 795. 

machine control gear, 781. 
mercury-vapour lamps, 388. 
metaZ-sheathed wiring, 555, 557, 362. 
motors and machine control, 781. 
objects of, 4, 

plugs ofMd connectors, 498. 
precis of, 1064. 
secondary batteries, 431. 
ships, 966. 

spedfied in model sfecificalmn, 334 { J ), 
^lb-division of dremits, 323. 
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WiitiN-o Rules {cont .) — 
testing installations, 1037. 
wires dnd cables^ 280, 283^ 285, 5Jj,. 525. 
wood, casing y 5J7. 

Wiring Systems (Vol. II, Chap. 23) — 
casing, 535-7' 
cleated, 546-8. 
concentric, $54, ^5g, 560. 
conduit, 538-43. 

Dureoe, 552, 

Ediawan, 552. 

Flexible, 54g, 550. 

Olo-cZad, 552. 

Helshy, 551, 552. 

Henley, 552, $54. 
insulation sheathed, 551. 

J. ds K, 552. 

Kaleeko, 552. 

Kalkos-JStannos, 545, 556. 

Kingaway, 552. 
lead-sheathed, 552-5. 

Macintosh, 535. 

Mavor arui Goulsort, 554. 

Prescot, 552. 

Stannos, 545, 556. 

WaM-JcaXl., 552. 

Wood — 

as dielectric, 75 {Table 7), 7^. 
casing, cost, 56^. 

— wiring, 535-y. 

cost of, 565. 

fud, 168. 
poles, 86, 323. 

-working machinery, 776 (Tabic 152). 


Woodhouse steel casing, 538. 

Woollen machinery, 776 "(Tabic 167 ). 

Worh and power, 2, 48, 52. 

Working costs of tramways and trackless 
vehicles, 964 (Table 206a). 

“ Works ” and '"fixed ” costs, igg., 26g. 
Workshop lighting, 601. 

World Power Conference, 26g, 833, 1068. 
Worm-driven lifts, 793. 

Worsted machinery, 776 (Table 167). 

Wrights M.JD, indicator, xiy, 272. 


r.c 


_ -CAPACITY, J06. 

Y -connection, 143. 

Yields in various processes, Chap. aS passim. 
Toung^s modulus, 324. * 


z. 


FjRENFM “ torch," 650. 

Zig-zag transformer connections, 3g4. 

Zinc, 65, 67 {Table 6), X2y, 346. 

— -alkaline (Prumm) battery, 434b, 873. 

— extraction, 991. 

— plating and wet galvanising, 994. 

— properties of, 645 {Table g8). 

Zirconium, 6y [Table 6), 85. 

— alloys, 971). 

Zodiac alloy, 6y {Table 6). 


PRINTED IN GREAT BRITAIN BY THE ABEJRDBEN 

920 


UNIYBESITY PRESS, ABH1RDE3EN 



Wir ELECTRICAL ENGINEERING RRACTICT] 2od 

References are to numbered paragraphs, not to pages. 

Volume I contains §§ 1-386. Volume II contains §§ 387-668. 


WiitiN-o Rules {cont .) — 
testing installations, 1037. 
wires dnd cables^ 280, 283^ 285, 5Jj,. 525. 
wood, casing y 5J7. 

Wiring Systems (Vol. II, Chap. 23) — 
casing, 535-7' 
cleated, 546-8. 
concentric, $54, ^5g, 560. 
conduit, 538-43. 

Dureoe, 552, 

Ediawan, 552. 

Flexible, 54g, 550. 

Olo-cZad, 552. 

Helshy, 551, 552. 

Henley, 552, $54. 
insulation sheathed, 551. 

J. ds K, 552. 

Kaleeko, 552. 

Kalkos-JStannos, 545, 556. 

Kingaway, 552. 
lead-sheathed, 552-5. 

Macintosh, 535. 

Mavor arui Goulsort, 554. 

Prescot, 552. 

Stannos, 545, 556. 

WaM-JcaXl., 552. 

Wood — 

as dielectric, 75 {Table 7), 7^. 
casing, cost, 56^. 

— wiring, 535-y. 

cost of, 565. 

fud, 168. 
poles, 86, 323. 

-working machinery, 776 (Tabic 152). 


Woodhouse steel casing, 538. 

Woollen machinery, 776 "(Tabic 167 ). 

Worh and power, 2, 48, 52. 

Working costs of tramways and trackless 
vehicles, 964 (Table 206a). 

“ Works ” and '"fixed ” costs, igg., 26g. 
Workshop lighting, 601. 

World Power Conference, 26g, 833, 1068. 
Worm-driven lifts, 793. 

Worsted machinery, 776 (Table 167). 

Wrights M.JD, indicator, xiy, 272. 


r.c 


_ -CAPACITY, J06. 

Y -connection, 143. 

Yields in various processes, Chap. aS passim. 
Toung^s modulus, 324. * 


z. 


FjRENFM “ torch," 650. 

Zig-zag transformer connections, 3g4. 

Zinc, 65, 67 {Table 6), X2y, 346. 

— -alkaline (Prumm) battery, 434b, 873. 

— extraction, 991. 

— plating and wet galvanising, 994. 

— properties of, 645 {Table g8). 

Zirconium, 6y [Table 6), 85. 

— alloys, 971). 

Zodiac alloy, 6y {Table 6). 
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